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microlitre M^  
molarity M 
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N,N,N', N' -tetramethylethylenediamine TEMED 
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Project Objectives 
The overall objective is to examine the expression pattem of the Tlx3 gene 
during murine embryonic development. The specific objectives are: 
1. To obtain suitable probes for in situ hybridization studies. This has included 
the preparation of DNA probes by RT-PCR, genomic subcloning and cDNA 
subcloning. 
2. To detect the expression profile of the genomic subclone and cDNA subclone 
of Tlx3 in mouse embryos on different embryonic stages by whole mount in 
situ hybridization. 
3. To detect the spatial and temporal expression pattem of the cDNA subclone 
of Tlx3 in frozen sections of mouse embryos by in situ hybridization. 
Abstract 
Tlx3 is an orphan homeobox gene related to the human H0X11 gene. In human, 
HOXll is a homeobox-containing gene located at chromosome 10q24, which has 
been implicated in the regulation of cellular growth and differentiation. 
Deregulation of this gene has been found to be related to the development of T-
cell acute lymphoblastic Leukemia. Human HOXll gene shows homology to the 
mouse Tlx genes which include Tlxl, Tlx2 and Tlx3. The aim of this project was 
to investigate the developmental role of Tlx3 by examining the expression pattem 
in murine at different embryonic stages of 8.5 dpc to 14.5 dpc. We first used 
several methods to prepare suitable probes for Northern and in situ hybridization. 
Our results showed that both the genomic probe and the cDNA probe were 
usable for the detection of Tlx3 expression. Our results on the whole mount in 
situ hybridization showed that Tlx3 was not detectable at 8.5 dpc. At 9.5 dpc, 
Tlx3 was expressed in the ganglia region including trigeminal ganglia, 
facioacoustic, glossopharyngeal and vagus ganglia. At 10.5 dpc, the gene 
expression was expanded to larger areas including mid/hindbrain junction, 
hindbrain, dorsal root ganglia as well as the dorsal and the lateral surface of the 
neural tube. Also, Tlx3 was observed at around thejunction of the mid^indbrain, 
rl and r2 region to the trigeminal ganglia. This expression was possibly related 
to neural crest cells migration. Similar to those at 9.5 dpc, Tlx3 transcripts were 
also expressed in all the ganglia regions in 10.5 dpc. At 11.5 to 12.5 dpc, the 
expression was more prominent on the dorsal part of the neural tube as well as 
the regions that were shown at 10.5 dpc. The section in situ study through the 
period 13.5 to 14.5 dpc demonstrated the gene expression on dorsal root ganglia, 
the mantle layer of the spinal cord and the cortex of the forebrain. Tlx3 
expressions were found in ganglia, mantle layer of spinal cord and cortex of the 
forebrain. All these areas contain a large numbers of cell bodies of neurons. The 
expression of Tlx3 occurs in specific regions of the central and peripheral 




T l x 3 是 同 原 區 的 孤 兒 基 因 與 人 類 的 H 0 X 1 1 基 
因 有 關 �H 0 X 1 1 已 證 明 是 與 人 類 急 性 T 淋 巴 性 細 胞 白 
血 病 的 成 長 有 關 。 我 們 這 個 實 驗 的 目 的 是 想 利 用 8 . 5 
至 1 4 . 5 天 的 老 鼠 胚 胎 期 測 試 T l x 3 的 基 因 表 達 ， 從 而 找 
出 T l x 3 的 成 長 角 色 。 首 先 ， 我 們 用 幾 種 方 法 找 出 適 用 
於 N o r t h e r n 雜 交 及 原 位 雜 交 的 探 針 ， 結 果 顯 示 g e n o m i c 及 
c D N A 探 針 都 可 用 於 探 測 T l x 3 的 基 因 表 達 。 況 且 在 全 
原 位 雜 交 中 發 現 8 . 5 天 的 胚 胎 沒 有 T l x 3 基 因 表 達 。 在 
9 . 5 胚 胎 期 ， T l x 3 表 達 於 神 經 節 部 位 ， 包 括 三 叉 的 、 
面 與 聲 的 、 舌 與 咽 的 、 迷 的 神 經 節 。 在 1 0 . 5 胚 胎 期 ， 
T l x 3 的 表 達 擴 散 至 中 / 後 腦 接 合 處 、 後 腦 、 背 根 神 經 節 
及 在 後 和 側 的 神 經 管 �T l x 3 表 達 可 能 和 神 經 胎 細 胞 
遷 移 有 關 係 ， 因 它 圍 繞 在 中 / 後 腦 接 合 處 及 在 r l 和 r 2 
的 後 腦 至 三 叉 神 經 節 。 在 1 1 . 5 至 1 2 . 5 的 胚 胎 期 ， T l x 3 的 
表 達 跟 1 0 . 5 的 胚 胎 期 一 樣 加 上 更 明 顯 表 達 於 後 和 側 
的 神 經 管 。 從 1 2 . 5 至 1 4 . 5 胚 胎 期 證 明 在 背 根 神 經 節 ， 
脊 髓 的 套 層 及 前 腦 的 皮 質 均 有 T l x 3 表 達 ， 這 表 示 T l x 3 




1.1 Definition of homeobox genes 
All homeobox genes contain a DNA sequence known as the homeobox. This 
homeobox encodes a conserved sequence of about 60 amino acids and is known to 
be a DNA binding domain (Gehring, 1987; Scott et al., 1989; McGinnis and 
Krumlauf, 1992; Komberg, 1993). In most species, the homeobox genes are master 
regulatory genes which are responsible for the control of development, pattem 
formation, determination of cell fate and cell differentiation. By reason of the 
importance of these genes on regulating development, deregulated expression of 
homeobox genes has been shown to be involved in oncogenesis. 
There are many genes which contain the homeodomain. These include the genes in 
the homeotic gene complex (HOM-C) and Homeobox (HOX) clusters. The genes 
outside the clusters were designated diverging homeobox genes. In addition, there 
are also novel homeobox genes known as orphan homeobox genes. Many of these 
genes have been found to be involved in embryonic development. 
The report of homeobox genes in the Drosophila in HOM C/Hox cluster 
subsequently led to the discovery of many homeobox genes in other species such as 
the vertebrates (Krumlauf, 1994). In addition, these genes are found in species in the 
evolution ladder such as the metazoans, fungi and plants (Vollbrencht et al., 1991). 
2 
1.2 Homeobox genes as transcription factors 
All homeobox gene encoded proteins are known to be transcription factors. There 
are three basic components that constitute the regulatory mechanism of the 
transcription system (Jacob, 1994). a) Regulatory region of a gene, b) RNA 
polymerase and c) transcription factors. The regulatory region of a gene composes of 
enhancer, promoters or other regulatory elements. A transcription factor encodes a 
sequence recognizing a specific DNA regulatory element region in its target DNA. 
With the regulatory mechanism in place, the binding of transcription factors and 
RNA polymerase in the regulatory region will initiate DNA transcription. Each 
organism carries many transcription factors. The transcription factors have common 
type of motifs such as LIM motif, helix-tum-helix motif, helix-loop-helix and 
leucine zippers (Rabbitts, 1991) which are responsible for the binding to DNA. One 
of these motifs, helix-tum-helix, is present in the homeodomain. The majority ofthe 
homeodomain protein can recognize the 5'-TAAT-3' motif (or ATTA on the other 
strand) in DNA sequence (Gehring, 1994). 
In most species, the binding manner of homeobox genes in eukaryotics has been 
found to be similar to the prokaryotic regulator gene such as the lambda repressor. 
The function of the repressor is to regulate the transcription activity of its target 
genes. Usually, this repressor comprises of three helices. Among these three helices, 
helices 2 and 3 form a helix-tum-helix motif. While helix-3 is a recognition helix 
which binds to the DNA sequence and helix-2 connects to the sugar-phosphate 
backbone of the DNA (Lewin, 1994a). In contrast to the lambda repressor, the 
eukarytic homeodomain consists of three to four helices. The helix 2 and 3 of this 
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homeodomain form a helix-tum-helix motif at the C-terminal and show homology 
with the helix-tum-helix of the regulated protein in the prokaryotic repressor. In 
addition, helix 3 and 4 at the C-terminal of the homeodomain fit successfully in the 
major groove of the DNA and the N-terminal makes contact with the minor groove 
of the DNA molecule. The remaining contacts of the homeodomain are bridged by 
the sugar-phosphate backbone of the DNA (Gehring, 1994). 
1.3 Homeobox genes in Drosophila 
1.2.1 The development of Drosophila 
The development of Drosophila Melanogaster is controlled by a number of genes 
including matemal genes, segmentation genes, and homeotic genes (Lewin, 1994b). 
During oogenesis, the matemal genes of Drosophila such as nanos and bicoid are 
expressed to establish the anterior - posterior axis within the oocyte. After 
fertilization, segmentation genes are then expressed. These segmentation genes are 
further divided into three groups (Lewin, 1994b): 1) gap genes, 2) pair rule genes 
and 3)segment polarity genes. Each group of genes regulates the subsequent group 
of genes in a sequential manner. In other words, the gap genes regulate pair rule 
genes and pair rule genes regulate segment polarity genes in tum. Finally, seemingly 
non-specific forteen different segments are further converted by the homeotic genes 
into the forteen unique segments. Through this cascade regulation system, the adult 
fly is formed (Lewin, 1994b). 
1.3.2 Maternal genes 
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The mechanism of development initiates at oogenesis. The mRNA of bicoid and 
nanos determine the anterior and posterior poles of the egg, respectively. After 
fertilization, these mRNA are translated into their respective proteins. These bicoid 
and nanos proteins then act as morphogens that affect the development of the other 
specific cell type depending on its concentration levels (Lewin, 1994b). 
L3.3 Segmentation genes 
These morphogens interact with gap genes and the gap proteins are expressed. Gap 
proteins, which are transcription regulators, consist of four broad regions including 
hunchback, Kmppel, knirps, and gaint. They regulate each other as well as the genes 
of subsequent classes such as pair rule genes. Normally, hunchback proteins of the 
gap gene are found at the anterior ofDrosophila embryo, while Kruppel stayed in the 
middle. The knirps locate at an area posterior to Krupper and the gaint can be found 
near at the posterior part of the embryo. The expression of Kruppel is activated by 
hunchback proteins. 
One of the segmental genes regulating the development of the Drosophila is the pair-
rule genes. These genes can be further divided into many functional genes such as 
the even-skipped and fushi tarazu or hairy and runt. Among these genes, even-
skipped and fushi tarazu belong to homeobox genes. The function ofpair-rule genes 
is activated in alternating seven strips. Each pair-rule gene exists either in an odd or 
even number parasegments in the Drosophila. The gap genes and pair-rule genes are 
transcription regulators either activate or repress other target genes by the protein 
levels in a particular region. Pair-rule genes control the expression of the segment 
5 
•r 
polarity genes which in tum express into fourteen strips. Each of these strips shows 
the size of one cell in width. The proteins encoded by the segment polarity genes 
and secreted from one cell will influence the development of cells next to it. Thus 
far, it is clear that the segmentation genes control the formation pattem of 
Drosophila (Lewin, 1994b). 
1.3.4 Homeobox genes 
It is believed the homeobox gene is the master gene controlling the fate of the cell 
lineage. The protein of a homeobox gene can induce a downstream target in the 
genome. 
, f 
Each individual segment of the insects is controlled by the homeotic genes, which 
are also known as homeobox genes. Homeobox gene was first discovered in the 
Drosophila (Kenyon, 1994; Krumlauf, 1994). There are many different incidences 
about the homeotic mutation in Drosophila reported at the beginning of this century. 
One example is the locating of the leg in place of the antennae. The Antennapedia 
class genes are usually referred as the homeotic genes in Drosophila due to the fact 
that the Antennapedia gene was the first homeotic gene discovered. In Drosophila 
the HOM-C complex is divided into two parts including the Antennapedia complex 
s 
(ANT-C) and Bithorax complex (BX-C). The genes in the HOM-C complex are 
expressed along the antero-posterior axis. The HOM-C complex is thought to be 
arisen by tandem duplication and divergence from the common ancestor (Lewis, 
1978; Krumlauf, 1994). The complex, ANT-C contains five homeotic genes 
including the labial (lab), prohoscipedia Q?b), Deformed {Dfd), Sex combs reduced 
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{Scr), and Antennapedia {Antp). On the other hand, BX-C consists of three genes, 
the Ultrabithorax (Ubx% abdominal-A (abdA% and Abdominal-B {AbdB). The 
mutation of any of these homeotic genes will lead to partial or complete segmental 
transformation of the fly. 
1.4 Family of Hox genes in the mammalian system 
The Hox genes in vertebrates share a similarity in the homeobox region (Scott, 1989) 
with the HOM-C complex in Drosophila. The order of Hox genes in the clusters has 
been found to correlate with the expression domain along the anteroposterior axis 
during embryonic development. These genes have also shown to control the 
expression of their subsequent target genes. Much evidence have indicated that the 
majority of the Hox genes are expressed in the nervous system (McGinnis et al., 
1992). Most of the expression patterns of Hox are closely related to the hindbrain, 
neural crest cell, ganglia, brachial arches, paraxial mesoderm, neural tube, surface 
ectoderm, gut and branchial arches (Dolle et al., 1989; Hunt et al., 1991 and 
Krumlauf, 1992). 
Since the conservation of the DNA sequence and the expression pattem of these 
homeotic genes are similar, these genes are believed to be duplicated from a 
common ancestor. It has been proposed that during evolution this ancestral cluster 
was duplicated and four clusters were formed (Lewis, 1978). The genes in each Hox 
cluster are expressed in the same transcriptional orientation. The promoter and cis-
regulatory elements have been identified to intersperse within each cluster (Sham, 
1992). Hence, the translocation of one gene may affect another gene or genes. 
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Names were assigned depending on their conserved homeobox regions and the 
evolutionary relationship among their different homeobox genes. In addition, the 
classification can be a tool for the structural and functional studies of these 
homeobox genes. The name of classes for HOM-C/Hox complexes and divergent 
homeobox is given according to the new nomenclature system (Scott, 1992). In the 
early description ofthe Hox genes such as Hox-l, Hox-2, Hox-3 and Hox-4, numbers 
were used to define the nomenclature, which represent the order of the discovery of 
these genes. To date, more genes in the Hox family have been discovered. The 
numbering system becomes very complicated. To circumvent this problem, naming 
of these Hox genes have been switched to HoxA, HoxB, HoxC and HoxD. 
Furthermore, these complexes are aligned into thirteen groups of genes called 
paralogues (Fig.A). However, some of the thirteen genes in these paralogues may be 
missing. Genes within the same paralogue show the same or similar expression 
pa t tem� In addition, the genes of same paralogue have either complete or part ofthe 
redundancy function. Therefore, the absence of one gene product may be partially 
substituted by the corresponding protein of another cluster. This particular response 
may reduce the mutation effects. 
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In mammals, it has been demonstrated that the homeobox genes control normal 
development of cells and organs (Krumlauf, 1994). Dysregulation of these genes 
may be a cause for oncogenesis and leukemia (Rabbitts et al., 1991). 
All the genes in the HOX complex are transcription regulators. These specific 
proteins related to these genes can be tissue-specific, or they control pattem 
formation during embryogenesis. 
1.5 Some possible chemical mechanism in the cascade system of the Hox 
genes in the vertebrate 
One ofnatural metabolite ofvitamin A is retinoic acid (RA). It has been proposed to 
be a vertebrate morphogen and a regulator of Hox gene clusters. Homeobox genes 
are activated by RA in a sequential gradient order from 3’ to 5’ direction in the Hox 
clusters (Simeone et al, 1990). In other words, Hox genes located at 3，end in the 
clusters are more susceptible to RA. The actions of RA are mediated by the RA 
receptors (RARs) and retinoid X receptors (RXRs) after they bind together. These 
two members of receptors belong to the nuclear receptor family. These receptors are 
formed either as homo- or heterodimers to create a sequence-specific DNA binding 
complex. These complexes bind to RA-responsive element (RARE) of the Hox 
genes to activate gene expression. Teratogenic doses of RA induce the malformation 
of embryos. Furthermore, another suggestion has been proposed that krox-20, a zinc 
finger protein, activates Hoxb-2 expression in the mouse (Sham et al., 1993). In 
addition, the cell adhesive molecule, CAM, has been suggested to be regulated by 
Hox genes. N-CAM, the neural cell adhesive molecules, belongs to the CAM family. 
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N-CAM is a Ca2+-independent CAMs which is involved in neural development. N-
CAM gene has been shown to possess two homeodomain binding sites, HBS-I and 
HBS-II, which are regulated in vitro by HoxB 8, HoxB 9 and HoxC 6 (Jones et al., 
1993). Beside the Hox genes, other transcription factors such as the Pax8 also 
activates the gene expression of N-CAM (Holst et al.，1994). Moreover, Evx2 is 
believed to be partly controlled by the HOX complex (Dolle et al., 1994). 
1.6 Hox (Antp-Class homeobox gene) in mammal 
The homeobox genes express along an anterior-posterior axis. Most homeobox are 
located in the HOXy^Hox cluster in a linear array along a chromosome. There are four 
Hox clusters in the vertebrate. In mouse, the Antp-class of homeobox genes in the 
HOX complexes {Hoxa to Hoxd) locate in four different chromosomes. Hoxa, Hoxb, 
Hoxc, and Hoxd reside in chromosome 6, chromosome 11, chromosomel5, 
chromosome 2, respectively. Whereas, in human, the homeobox genes in HOX 
clusters are expressed in different chromosomes; HOXA in chromosome 7, HOXB in 
chromosome 17, HOXC in chromosome 12 and HOXD in chromosome 2 (Acampora 
et al., 1989). Furthermore, there are non-Hox homeobox genes named divergent 
homeobox genes. Homeobox genes neither in HOX complexes nor divergent are 
named orphan homeobox genes. The Hox genes of four clusters are believed to be 
duplication and divergence from a single gene of ancestor (Lewis, 1978). The 
duplication ofHox genes formed the body pattern. These four clusters are expressed 
in a conserved order along anterior-posterior (AP) axis. Within the clusters, Hox 
genes possibly share the cis-regulatory element of nearby genes. Therefore, the 
changing of one gene may affect the formation of body pattem (Sham et al., 1992). 
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The eight complexes ofhomeotic genes in Drosophila, which are divided into ANT-
C and BX-C complexes, were found to be homologue with the vertebrate and other 
animals such as arthropods and nematodes (Kenyon, 1994). In these animals, at least 
one or more genes are found related to homeotic complexes in Drosophila. There are 
many publications about these Hox genes in the vertebrate (Kenyon, 1994; Krumlauf 
1992; Krumlauf, 1994 and McGinnis et al., 1992). Some examples below (section 
1.6.1 and 1.6.2) showed the relationship between homeotic complex in Drosophila 
and Hox genes of clusters in vertebrate. In addition, Hox genes in clusters affect the 
nearby Hox genes within the same animal and as a result its development was 
affected. 
1.6.1 Labial Like homeobox genes 
Three subfamilies of labial like homeobox-containing genes in murine are Hoxa-1 
(Hox-1.6), Hoxb-1 {Hox2.9) and Hoxd-1 (Hox4.9). These genes are located at the 3, 
most position in Hox complexes. This is one of the major groups of genes to control 
hindbrain development. The spatial and temporal expressions of Hoxa-1 and Hoxb-1 
genes are nearly the same throughout the period of 7.5 to 10 dpc. The expressions of 
these two genes start at the posterior end of mouse embryo during gastrulation at 7.5 
dpc. At 8 dpc, expressions of both genes start from the primitive streak to the 
anterior boundary at which the future rhombomere 4 (r4) will be formed. Usually, 
the rhomobomeres are fully formed into segment within the hindbrain at 8V4 dpc. At 
8.5 dpc, the expressions of these two genes begin to lessen. These expressions are 
restricted at the posterior region of the embryo and they continue to extend to the 
late stage of development. 
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The expression ofHoxb-1 begins in the mesoderm of the future hindbrain and not in 
the mesoderm of fiiture forebrain, midbrain, or metencephalon. Furthermore, the 
expression of Hoxb-1 in the hindbrain continues in subsequent stages. It has been 
suggested that the formation of anterio-posterior (AP) axis of mouse formed by the 
mesoderm (Frohman, 1990). This gene is also a good marker for the differential 
genes in mesoderm and neuroectoderm in the anterio-posterior position during 
gastmlation and neurulation. Hoxb-1 is expressed throughout the period when 
rhombomere starts to appear until 11.5 dpc in a unique region of r4 (Murphy et al., 
1991). The Hoxb-1 gene is also the only Hox gene in the murine species. The 
expression of Hoxb-1 has been observed in the neural crest cells that arise from r4. 
Neural crest ceils have been patterned according to their rhombomeric origin (Couly 
etaL, 1990). 
Hoxa-1 produces two alternative transcripts with one encoding a homeodomain 
protein and the other encoding a non-homeodomain truncated protein. The function 
of the latter protein is still undefined. The expression of Hoxa-1 with or without 
homeodomain is at a similar level between 7.5 dpc and 8 dpc. The predominated 
homeodomain-lacking transcripts are expressed at the later stages after 8 dpc. These 
transcripts are expressed in the hindbrain over a very transient period and terminate 
after 9.0 dpc. Also, subsequent expression of this gene is shown in the gut 
epithelium and cannot be detected after 12.5 dpc. (Murphy et al., 1991). To 
understand more about the functions of these specific genes, the transgenic mice 
provide a useful tool to study the gain of fimction and null mutation. For example, 
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the homozygous Hoxa-l-/- mice die shortly after birth. Disruption of hoxa-1 gene 
delays the closure of the hindbrain neural tube. In addition, inner ears and skull 
bones are deformed while some cranial nerves and ganglia are missing or become 
abnormal (Lufkin et al., 1991，Chisaka et al., 1992). Moreover, the loss of function 
of Hoxa-1 in the mouse results in an apparent deletion of r4 and the absence of r5 
(Dolle et al., 1993). For the case of gain of flmction, the Hoxa-1 gene containing a 
human beta-actin promoter in the transgenic mice induces ectopic expression of 
Hoxa-1 o f t h e rhombomere transformation (Zhang et al., 1994). This upregulated 
expression can induce partial transformation on several rhombomeres. The more 
prominent transformation has been found in r2 of the hindbrain region. This r2 
region is transformed into r4-like phenotype. The Hoxb-1 expression has been found 
in the two domains of Hoxa-1 transgenic mice; one domain is expressed in the 
hindbrain region of r4 and the other locates in the r2 region. In contrast to Hoxa-1 
and Hoxb-1, Hoxd-1 does not change its normal expression pattem in Hoxa-1 
transgenic mice. The homologous genes of murine Hoxa-1 in human are H0XA1, 
HOXBlandHOXDL 
1.6.2 Prohoscipedia Like homeobox genes 
Several subfamilies such as Hoxb-2, Hoxa-2, Hoxc-8 and Hoxd 9, are homologues to 
Proboscipedia like homeobox genes. Murine Hoxb-2, previous described as Hox2.8, 
is located on the most 3' region of the cluster. This gene expresses up to the 
boundary between r2 and r3. However, Hoxa-2 {hox-Lll) is also a homologue of 
hoxb-2 in other murine Hox cluster and a homologue ofhuman HOXA2 and HOXB2 
genes. This gene was also found to be highly expressed at r3 and r5 of mouse 
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embryo, then extended to boundary r2/3 at 9.0dpc (Hunt et al., 1991). Overall, the 
expression patterns of these two genes are restricted on the rostral region of 
hindbrain. 
Murine Hoxc-8, other name as Hox-3.1, is expressed in several regions in mouse 
embryos. This expression was also found in newbom and to adult mouse. The loss-
of-function mouse was suggested to have homeotic transformation. The mutation 
modified the attachment of the 8th pair of ribs to the sterum which normally not 
happen (Le Mouellic et al., 1992). This mutation was detected on both heterozygous 
and homozygous Hoxc-8 mutant mouse. 
The murine gene of Hoxd-9, also named as Hox 4.4 and Hox 5.2’ is also related to 
Abd B of Drosophila. Murine Hoxd-9 is located in Hoxd complex belonging to a 
member of paralog 9. This gene is expressed in the developing limb and gonads 
(Dolle et al., 1989) and becomes a marker for gonadal development. The expression 
is also observed in the prevertebrae, central nervous system and cartilage-
differentiating cells. 
1.7 Divergent homeobox genes 
In addition to the HOM-C/Hox complexes, there are other different classes of 
divergent homeobox genes related to homeobox. Such divergent homeobox genes do 
not only contain the conserved homeodomain but also other conserved motifs acting 
as the DNA binding domains. Divergent homeobox genes have been identified in 
Drosophila such as paired (prd), engrailed (en), eve-skipped (eve), muscle segment 
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{msh\ Distal-less {DlV), caudal (cad), empty spiracle {ems) and orthodenticle (otd). 
The mammalian divergent homeobox genes include Pax (Pax-3,-4,-6 and 7) (Gmss 
et al., 1992), En (En-7 and -2)), Evx (Evx-l and -2) (Bastian et al., 1992), Msx (Msx-
1, -2 and - i ) (Jowett et al., 1993), Dlx (Dlx-l, -2, -3, -4 and -5) (Weiss et al., 1995; 
Thomas et aL，1995; Chen et al., 1996), Cdx {Cdx-l and -2), Emx {Emx-l and -2), 
Otx (Otx-l and -2). Many divergent homeobox genes have been discovered. Some 
of the divergent homeobox genes have been found to be located outside or 
interspersed the HOM-C/HOX complex. Similar to the genes in the Hox complex, 
all these divergent homeobox genes are transcription factors. Overexpression or loss-
of-function of these genes may cause tumorgenesis or leukemia. It has been found 
that some of these genes has patterning activity in the midbrain and forebrain 
(Holland et aL, 1992; Simeone et aL, 1994). Some genes such as Otx, Dlx, En are 
involved in the brain development. However, the patterning and function of 
midbrain and forebrain are still a broad area to study� 
1.7.1 Paired (prd) Class 
In mouse, the Pax gene belongs to the paired box gene class. Pax genes encode the 
paired box domain alone. The paired box domain can exist together with either the 
homeodomain of the paired type or with octapeptide (Gruss et al., 1992). In some 
cases, the domains exist concurrently. There have been eight genes identified in Pax 
gene family. 
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Some Pax genes in mouse are not homeobox genes. Pax-3, Pax-4, Pax-6 and Pax-7 
belong to homeobox genes (Gruss et al., 1992). Both Pax-3 and Pax-6 genes contain 
a paired type homeobox and paired box, in addition with extra octapeptide homebox 
sequence containing in the Pax-3 gene. Pax-3 gene is located in chromosome 1 and 
Pax-6 is located in chromosome 2 in the mouse genome. The heterozygous mutant 
Pax-3 and Pax-6 in mouse can cause Splotch (sp) and small eye (sey) disease, 
respectively. The mutations of Pax-3 and Pax-6 in mouse appear to be related to the 
Waardenburg's syndrome (WS) and Aniridia (AN) in human. Waardenburg's 
syndrome is the mutation causing congenital deafness and pigmentary disturbances. 
It has been found that this defect was caused by the mutation of HuP2 gene. The 
HuP2 gene is the homology of mouse Pax-3 gene (Baldwin et al., 1992), whereas, 
the human AN cDNA is the homology of murine Pax6 gene. The complete or partial 
deletion of the pax-6 cDNA cause the AN which is the lack of iris in human (Ton et 
aL, 1991). For the Splotch disease in mouse, two mutant alleles in Splotch, Spr and 
Sp2H, are caused by the deletion of ftill Pax-3 gene and the deletion of 32 base pair 
(bp) of Pax-3 gene, respectively (Epstein et al., 1991). For the small eye disease, 
three independent Sey alleles in Pax-6, SeyH, Sey and SeyNeu are involved. SeyH 
has Pax-6 sequence deletion, whereas, both Sey and SeyNeu have point mutations in 
Pax-6 which cause the formation of truncated proteins (Hill et al., 1991). The 
homozygous mutation of Sey mice has no eye and without nasal structures. 
However, the heterozygous mutation has small eye. 
1.7.2 Even-Skipped (Eve) Class 
\ 
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The human homeobox gene EVX1 and EVX2, homologue to murine Evxl and Evx2, 
contain homeodomain related to even-skipped (eve) homobox gene. The genes of 
this class do not contain any other conserved domain outside the homeobox domain. 
EVX1 and EVX2 locate at 5，upstream of HOXA13 and HOXD13, respectively. 
Whereas, Evxl and Evx2 are positioned at 5, upstream of Hoxal3 and Hoxdl3, 
respectively. HOXA and HOXD are located at human chromosome 7 and 2 (Faiella 
et al., 1991), respectively. The Hoxa is presented at murine chromosome 6 and Hoxd 
is located at murine chromosome 2. The RNA of EVXl/EVX2 and Evxl/Evx2 are 
transcribed in the opposite direction (Bastian et al., 1992), which are different from 
the HOX complex. The human EVX2 is located at chromosome 2 between q24- q31 
region (Rossi et al., 1994). Evxl and Evx2 are expressed in the CNS of mouse 
embryo in similar pattem as other genes ofEvx class. Since the HOX complex is at 
the vicinity of Evx2, it is believed that the expression of Evx2 is partly controlled by 
HOX complex (Dolle et al., 1994). In addition, the profile of Evx2 expression 
pattem is involved in limbs and genitalia development (Dolle et al., 1994). 
1.7.3 Distal-less (Dll) Class 
There are limited homeobox genes expressed in the head. Dlx-1 to Dlx-7 homeobox 
genes in vertebrate are the homologue ofDrosophila Distilless {DlV) gene. DLX1 and 
DLX2 are located at the human chromosome 2 of 5' upstream of EVX2 gene, which 
is near to HOXD cluster (Rossi et al., 1994). DLX5 and DLX6 are located on the 
human chromosome 7 (Simeone et al., 1994). Murine Dlx has found to be involved 
in forebrain patterning. Dlx2 is also found to be located near the Hoxd cluster on 
mouse chromosome 2 (Ozcelik et al.，1992). Dlx-2 is strictly expressed in the 
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forebrain, branchial arch and limb of the mouse embryo (Bulfone et al., 1993). Dlxl, 
Dlx2 and Dlx7 are found to be involved in teeth development (Weiss et al., 1995; 
Thomas et al., 1995). Dlx-1 expression is distributed on limb, retina and face during 
embryonic development (Dolle et al., 1992). Dlx-5 and Dlx-6 are expressed in the 
skeleton of the embryo (Chen et al., 1996). Moreover, these two genes express the 
transcripts on the telencephalon and diencephalon with the same pattem as Dlx-1 
and Dlx-2 (Simeone et al., 1994). 
1.7.4 Muscle-Specific Homeobox (Msx) Class 
Msx is homologue to Msh gene in Drosophila. Human MSX1 mutation caused tooth 
agenesis (Vastardis et al., 1996). The mutation of MSX1 has been found in affected 
family members. It has been suggested that the conserved region Arg 31 (arginine 
31) of homeodomain is replaced by pro (proline); the residue is supposed to be 
involved in DNA binding. Human MSX2 gene localizes on chromosome 5. Missense 
mutation of MSX2 gene has been found in patients of craniosynostosis which is the 
premature fusion of calvarial sutures. Mouse Msx2 transcripts are expressed on 
calvarial sutures (Jabs et al., 1993). It is suggested that the mutant MSX2 possibly 
causes craniosynostosis (Jabs et al., 1993). The mutual action of Msxl and Msx2 in 
mouse shows expression in mesenchyme and epithelium during tooth development 
(Jowett et al., 1993). The limbless mutant chick has no apical ectodermal ridge 
(AER), which can be grafted by quail AER on the chick's limbless region. Induction 
of Msxl and Msx2 gene from AER causes the generation of new limb on chick. 
1.8 Orphan homeobox gene 
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Some homeobox genes are not in HOM-C/HOX cluster. In addition, they are not 
homologues to any divergent homeobox genes and their functions are still not 
completely cleared. They are called orphan homeobox genes such as human HOXll, 
and murine Hoxll (77x7), HoxllLl {Tlx2) and HoxllL2 {Tlx3). 
L8.1 The characteristic of Hoxl 1 sequence in human and mouse 
Human H0X11 (TCL3) gene shows homology to the mouse hoxll assigned as Tlx 
(T-cell leukemia homeobox) gene. H0X11 and three Tlx genes including Hoxll 
iTlxl), HoxllLl {Tlx2) and HoxllL3 (Tlx3), contain three exons. In these exons, a 
conserved acceptor splice site has been suggested to be located at the upstream of 
exon 2 (Dear et aL, 1993). This observation suggests that the site may be assimilated 
into mRNA by alternative splicing. As a result, two protein isoforms are possibly 
constructed. These Hoxll related genes encode the homeodomain proteins that carry 
helices 1, 2 and 3. The homeodomain of the 77x7，Tlx2 and Tlx3 are 75% to 80% 
identical� In addition, four conserved motifs (THl-TH4) have also been found 
(Cheng et al., 1993)，suggesting a functional role in the transcriptional regulation of 
development (Cheng, 1993). The novel homeobox Tlx-l gene has been shown to be 
90 % homology with HOXll. The sequence of the homeodomain of Tlx -2 and Tlx-3 
are 75% and 80% homologue to the homeodomain of Tlx-l respectively (Fig.B). 
These motifs are believed to control gene transcription as their sequences are also 
found in other transcription factors. The protein sequence of TH1 motif overlaps 
with the Hep motif in Hoxll. Hep motif was first found in the Hlx gene product 
(Allen et al., 1991). These Hoxll homeodomain proteins contain threonine residue 
instead of the more common isoleucine or valine in helix 3 at position 47 of the 
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homeodomain (Dear, 1993). This switch of amino acid has been proven to be 
important for the sequence specific interaction with the regulatory DNA sequences 
of target genes by providing a hydrophobic contact development (Cheng et al., 
1993). In addition, the threonine in HOXll homeodomain has been suggested to 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.8.2 Novel homeobox genes related to the hoxl 1 gene family 
The novel homeobox genes such as 311, Nkch4 and BarHI of Drosophila have 
sequences related to Hoxll. The homeodomain of Drosophila 311 gene shares over 
88 % homology with the Hoxll gene family (Dear et al., 1994). The homeodomain 
of BarHI in Drosophila share 55% homology with Hoxll (Kojima et al., 1991). In 
addition, the homeobox of Nkch4 in Drosophila shares 57% homology with HOXll 
in human (Jagla et al., 1993). Surprisingly, the homology percentages of 
homeoboxes between vertebrates and Drosophila are higher than those homeoboxes 
within Drosophila. Similar to HOXll related genes, all these genes contain threonine 
instead of isoleucine or valine in the common position 47 in helix 3 of the 
homeodomain. In addition, the threonine in Hoxll recognized the DNA motif, 
TAAC instead of the TAAT in antennapedia class. 
1.8.3 The mechanism of HOXll inducing gene regulation and signal transduction 
pathways 
To better understand the transduction pathway and the gene regulation ofHOXll, 
various hypotheses have been put forward by many investigators. There are four 
stages in the cell cycle which include mitosis (M), prereplication gap (G1), DNA 
synthesis (S) and premitosis gap (G2). The highest level of expression of HOXll 
RNA and protein has been detected at the Gl-S phase boundary. Because of this, 
accumulation ofHOXll transcription factors was suggested to serves as a sensor to 
extracellular signals to direct T cell proliferation (Zhang et al., 1993). In addition, 
the signal transduction pathway of HOXll within the T cell suggests the 
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requirement of tryosine phosphorylation (Zhang et al., 1995). The localization of 
H0X11 protein in the nucleus of leukemic and normal human T-cell (Zhang et al.， 
1993) can be detected by the immunoprecipitation assay. 
1,8.4 HOXll in human 
Human HOXll is a homeobox-containing gene located at chromosome 10q24, 
which has been implicated in the regulation of cellular growth and differentiation 
(Scott et al., 1989). Deregulation of this gene may play a role in leukemogenesis 
(Kennedy et al., 1991; Lu et al., 1991). HOXll is one of genes that are involved in 
the T- cell acute lymphoblastic leukemia (T-ALL) after deregulation. There is about 
4-7% of T-ALL expressed high levels of HOXll. HOXll has been found to be 
expressed in T-cell ALL but not in B cell ALL (Salvati et al., 1995). Human H0X11 
expresses at a low level in normal T-cell and leukemic cells such as Jurat and HPB-
ALL. The low expression in other tumor cell line such as some neuroblastoma cell 
(Kennedy et al., 1991) and erythroleukemic cell line K562 (Lu et al.，1992) have also 
been reported. However, the transcriptional deregulation ofHOXlI gene in T-ALL 
patient shows a high level ofHOXll protein expression (Lu et al., 1992). Two types 
of chromosomal translocations t(10;14)(q24;qll) or t(7;10)(q35;q24) involving the 
juxtaposition ofHOXll with the T-cell receptor (TCR) (Kennedy et al., 1991) have 
been detected. After these translocations, the HOXll gene may be activated by TCR. 
This has been suggested to be a possible mechanism causing the ectopic expression 
ofHOXll after chromosomal translocation. Recently, other novel protein is mapped 
to 10q24 region in human named LBX1 (Jagla et al., 1995), which is homologous to 
Lady Bird genes ofDrosophila. 
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1.8.5 Hoxl 1 in mouse 
There are three related Hoxll homeobox genes, Hoxll {Tlxl), HoxllLl (Tlx2) and 
HoxllL2 (Tlx3), in the mouse of Hoxll family. These genes are homologues of 
HOXll in human. Hoxll and HoxllLl murine homeobox genes have been 
identified by linkage analysis to be located in the chromosomes 19 and 6, 
respectively (Wen et al., 1994). The expression pattem ofHoxll has been found on 
the surface ectoderm and the central mesenchyme of the branchial arches at 8.5 dpc, 
then it is expressed in the branchial arches and pharynx (Raji et aL, 1993). As the 
embryo develops in the size, the Hoxll expression are noticeable in the pancreas, 
salivary glands and ganglia which include trigeminal, glossopharyneal and 
vestibulocochlear ganglia. Transcripts can also be found in the spinal cord. 
Moreover, the expression is shown in the external ear and the derivatives of the 
branchial arch including tooth primordia, mandible and tongue (Raji et al., 1993). In 
addition, the observation of Hoxll expression pattem has been found in the mouse 
splenic anlage (Dear et al., 1995). To better understand about the fundamental role 
and the function of this gene, the disrupted mutant Hoxll was generated. This 
Hoxll-/- mouse has been found to contain no spleen (Dear et al., 1995; Roberts et 
al., 1995 and Roberts et al., 1994). Rather, the enlargement of stomach and pancreas 
was observed (Roberts et al., 1995). This suggests that the mesodermal cells 
normally located in spleen have affected nearby organs. It also has been suggested 
that hoxll is important for the survival of splenic precursor cells. Taken together, 
the observation from the HoxIl-/-micQ was proposed to be a good model for 
studying the characterization ofthe spleen in haematopoiesis and immunity. Besides, 
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the mutant mouse was also suggested to provide the information of Hoxll which 
affects the critical downstream targets of spleen formation. Interestingly, there is a 
case report in human that is similar to this spleen defect. The father and son have 
congenital asplenia (Lindor et al., 1995). However, the gene causing this congenital 
defect was possibly not homology to Hoxll (Roberts et aL, 1994). This asplenia is 
an example agenesis of a single organ resulted from a single defected gene. 
Some Hox genes in clusters are unaffected in the homozygous null animal. This was 
suggested that the missing genes might be substituted by close related genes or the 
gene has expression but no function. The Hoxll expression appears in branchial 
arches at 8.5-9.5 dpc (Cheng et al., 1993; Raji et al., 1993; Roberts et al., 1995). 
However, the expression of HoxlILI and HoxllL2 transcripts are not present in the 
branchial arch or motor nuclei of Hoxll-/- or its wild type mice. This means that 
these two genes do not provide the functional redundancy for Hoxll-/- mouse 
(Roberts et al., 1995). The existing of normal branchial arches in Hoxll -/- mouse 
suggested the lack oiHoxll function or the presence of undetectable defects. Hoxll 
has two forms of mRNA through the alternative splicing (Dear et al., 1993). Both 
forms were transcribed in the developing hematopoietic organs such as spleen. 
However, there may have functional differences between them (Yamamoto et al., 
1995). 
1.8.6 HoxllLl in mouse 
HoxllLl {Tlx2), also named Ncx (neural crest homeobox), has been reported to be 
expressed in trigeminal ganglia, facioacoustic ganglia, glossopharyngeal and vagus 
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ganglia at 9.5 dpc. In addition, HoxllLl but not HoxllL2 shows expression in 
dorsal root ganglia at this embryonic stage (Roberts et al., 1995). HoxllLl was also 
found its maxmium RNA level at 12.5 dpc during embryogenesis (Hatano et al.， 
i997a). This gene was restrictively expressed in neural crest-derived tissues which 
involved dorsal root ganglia, cranial nerve ganglia (V, IX, X), enteric nerve ganglia 
and adrenal glands. Therefore, This gene may play a role in differentiation and 
proliferation in neural crest lineage cells. HoxllLl is continuously expressed in 
these tissues through stages from 9.5 dpc to 13.5 dpc (Hatano et al., 1997a). The 
expression in adrenal gland is also found in adult mice. The HoxllLl-/- or Ncx-/-
mouse was found to develop megacolon with enteric ganglia in early age. However, 
some of neuronal cells of the ganglia degenerated and then became cell death in later 
stages (Hatano et al., 1997b). As the result, the abnormal movement of the colon 
occurred. 
1.9 Homeobox gene involved in haematopoiesis 
Homeobox-containing genes have been found not only in the control ofthe temporal 
and spatial expression; they also play important roles in hematopoietic system such 
as proliferation and differentiation. For example, the immunoglobulin heavy chain 
enhancer induces malignancies in transgenic mice with the expression of the 
homeobox fusion protein E2A-PBX1 O^ourse et al., 1990, Kamps et al., 1990). 
Retroviruses bearing IL-3 and Hox 2.4 genes when transfected into murine normal 
bone marrow cells led to transformation into myeloid leukemia (Perkins et al., 
1990). These reports have shown that homeobox mutant mice display morphological 
abnormalities or have neoplastic alternations and growth factors can turn on 
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homeobox gene. Many reports have shown that homeobox genes are involved in 
both normal development and oncogenesis. Normally, Homeobox HB9 and HLXare 
expressed in hematopoietic progenitors in response to growth factors during the 
differentiation of hematopoietic progenitors into mature cell lineages. Deregulation 
of these two genes may lead to abnormality of hematopoiesis (Kehrl et al., 1993). 
These two genes are expressed in high levels in the patients with acute myeloid or 
lymphocytic leukemia express. In addition, many homeobox genes have been 
reported in normal blood cells but deregulated in leukemic situation (Inamori, 1993). 
After Hox 2.4 gene was transfected into myeloid leukemic cells, the specific 
differentiation pathway induced by IL-6 into mature cells were completely or 
partially inhibited (Blatt et al., 1992). As a result, this aberrant expression of Hox 2.4 
is believed to affect the differentiation program of leukemic cells� 
1.10 Some translocations of homeobox genes in the blood lineage 
There are three major classes of transcription factors that are related to proto-
oncogenes involving T- cell acute lymphoblastic leukemia (T-ALL) patients during 
chromosomal translocation. Each class of these genes encodes the transcription 
factor containing a conserved motif. For example, RBTNl/TtG-1 and RBTN2/Ttg-2 
encode cysteine-rich LIM proteins; TALl/SCL and TAL2 encode basic helix-loop-
helix protein; and HOXll encodes helix-tum-helix homeobox protein (Rabbitts, 
1991). Normally, Tal-1 gene involves myogenesis, neurogensis and embryonic 
haemopoiesis. The null mutation of Tal-1 was found to be bloodless during embryo 
development at 9.5 dpc because the primitive erythoid cells was unable to be 
produced (Shivdasani et al., 1995). In addition, another T-ALL related mutant 
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mouse, Hoxll-/-, is found to be a good model to study the characterization ofspleen 
in haematopoiesis and immunity. The proto-oncogene involved in translocation does 
not only happen in T-cell leukemias, but also happens in B-cell leukemia and 
lymphoma. The translocation of proto-oncogene PBX, a homeobox gene, on human 
chromosome lq23 to E2A gene is known to be involves in pre-B cell acute 
lymphoblastic leukemia (Kamps et al., 1990; Nourse, 1990). 
1.11 The development of mouse embryo 
The expression of Tlx3 gene is possibly involved in many regions during the 
development of mouse embryos. A brief description of mouse embryogenesis is 
included as follows (Kaufman, 1992). 
1.11.1 Early organogenesis 
Three layers of tissues are formed during implantation. These layers include the 
epiblast, trophectoderm and primitive ectoderm. After implantation, the epiblast 
becomes the epithelium encompassing the proamniotic cavity while the primitive 
endoderm starts differentiating into parietal and visceral endoderm at 6 dpc. The 
primitive streak, which is a very active cell proliferating layer (Hashimoto et al., 
1989), appears in the epithelial epiblast at 6.5 dpc. In the meantime, the mesoderm 
arising from primitive streak at the posterior region of embryo, can also be seen 
between the epiblast and visceral endoderm. Then the mesoderm extends bilaterally 
from the primitive streak, which also spreads out to the extraembryonic region and 
down to the distal part just before the node. The node is first noticed at the middle 
stage of streak formation. It shows prominent indentation on the distal part of the 
t 
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embryo at the late primitive streak stage (about 7.5 dpc). The node comprises two 
membrane layers, which include the dorsal and ventral layers. The ventral layer of 
node is the notochordal plate interacting with endoderm, whereas, the notochord 
forms a layer of rod like tissue extended to the ventral part of the embryo from the 
endoderm. At 7.5 dpc, a cell population called the head process (prechordal plate 
mesoderm), appears in front of the notochord plate. This cell population is formed 
between the endoderm and ectoderm of the embryo. The formation ofthe embryo is 
affected by many other subsequent sources. The neural tube is closed by the 
influence of the neural plate. All other placodes on the ectoderm start to form their 
features such as eye, nose and lens. Some of homeobox genes are involved in early 
organogenesis such as Hoxa-1 is expressed in mesoderm and neuroectoderm of 
future hindbrain (Murphy et aL, 1991) at 7 dpc and Hoxb-1 is expressed in primitive 
streak at 7.5 dpc (Frohman et al., 1990). 
1.11.2 Nervous system development 
The brain and spinal cord form central nervous system, which arise from the neural 
plate. After gastrulation, the neural plate is thickened and it extends to become the 
differentiating neuroepitheium. The neuroectoderm formation is induced from both 
mesoderm and ectoderm. The neuroectoderm when starting to roll up, forms the 
neural groove and fuses to form the neural tube (the future brain and spinal cord) 
overlying the notochord. The floor plate of the neural tube is induced by the 
notochord. The neural tube which will become the future spinal cord consists of 
three layers including the ependymal, mantle (gray matter), and marginal (white 
matter) layer. The membranes embracing the spinal cord and brain are the meninges. 
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The neural ectoderm starts to close at about 8.5 dpc. In the region of the 4th and 5th 
somites, it gradually seals both caudal and rostral region of the embryo. It is believed 
that the neural folding is affected by intrinsic and extrinsic forces, which include cell 
division forces, cell rearrangement and cell shape changes (Schoenwolf et al.，1990). 
The anterior neuropore is closed at 9 dpc while the posterior neuropore is closed at 
10-10.5 dpc. The formation of neural tube gives rise to encephalon (brain) consisting 
ofthe prosencephalon (forebrain), mesencephalon (midbrain), and rhombencephalon 
(hindbrain). The prosencephalon subdivides into the telencephalon and 
diencephalon. The rhombencephalon forms the future metencephalon and 
myelencephalon. Each pair of rhombomeres is associated with cranial motor nerves, 
sensory ganglia and the neural crest and the branchial arches. Normally, neural crest 
cells emerge from rhomcephlic 2, 4, 6, 7 and 8. Hox genes and Pax genes are found 
to be affected the hindbrain development. The Hox genes are expressed in 
anterioposterior pattem but Pax genes are involved in dorsoventral pattem (Deutsch 
et al., 1991). Evidences have shown that the disruption of the homeobox genes 
results in the malformation of mouse development on the hindbrain and the 
correlated regions (Chisaka et al., 1991 and Lufkin et al., 1991). Homeobox genes 
are expressed in the hindbrain, such as the zinc finger genes containing genes Krox 
20 in specific hindbrain region ofr3 and r5 (Wilkinson et al., 1989), and the HoxB2 
gene in r3, r4 and r5. It has been known that Krox 20 is a part of the upstream 
regulator controlling the HoxB2 gene expression for hindbrain development (Sham 
et al., 1993). It is believed that the floor plate of neural tube is also derived from the 
node (Selleck et al., 1991). It appears that most hox genes are expressed in the 
hindbrain (Chisaka et al., 1991; Chisaka et al., 1992 and Lufkin et al., 1991). 
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1.11.3 Somite development 
Somitogenesis starts at 8 dpc to 14 dpc (Tam et al., 1986). Sixty- five pairs of 
somites are made through this period. Somites give rise to ftiture body trunk and 
l imbs�The paraxial mesoderm is the derivatives of the presomitic mesoderm 
(segmental plate), which give rise to somites. Since the cells of presomitic 
mesoderm are not the fixed cell population. So, before the somites have formed, the 
cells can be mobilized mutually within each strip of segmental plate. As the embryo 
grows, the presomitic mesoderm tums into an epithelial sphere and becomes 
somites. Each somite development needs one to two hours. Somite is composed of 
three layers, dermatome, mytome and sclerotome, and these layers are formed future 
dermis, segmental muscle and vertebral cartilage, respectively. It can be shown that 
the neural tube formed between these two strips of somite, and the notochord is 
underlying the tube. When the somites are formed, the cells are dispelled from the 
underneath sides of the somites then subsequently move towards to the notochord. 
These cells are sclerotome and will be differentiated into future ribs and vertebrae. 
Two types of myotome, which are lateral and middle myotome, are also generated 
from somites. The one from the side forms muscles of body wall and limbs; the one 
in the middle forms the future muscles of the vertebrae and the back. Dermotome 
that arises from the somites give rise to the dermis of skin, body and tail of the 
mouse. Much evidence suggested that genes encoding basic helix-loop-helix 
proteins are involved in myogenesis such as the Myf-5 and Myf-6 (Bober et al., 1991; 
Ott et al., 1991). A homeobox gene, Pax J, is suggested to play a role in organisation 
of the somite (Franz et al., 1993). It has been known that the Hox genes are 
32 
expressed in an anteroposterior pattem. A loss-fiinction-mutation of Hox 3.1, Hoxc-
8, by homologous recombination results in homeotic transformation. The 
consequence gives rise to more anterior expression (Le Mouellic et al., 1992) and a 
14th pair of ribs is placed on the lumbar vertebrae. 
1.11.4 Eye development 
During the process of eye development, substantial evidence shows that the location 
of the optic apparatus is changed by the increasing in size of the telencephalic 
vesicle. Optic placodes of the mouse start to form on the neural ectoderm at 8 dpc, 
then gradually indent in the middle region to create the optic pits (optic evagination). 
These two optic pits on the surface ectoderm are optic sulci, which will give rise to 
future optic chiasm. As the size of the optic pits increases, the optic vesicles are 
formed and the rostral neuropore is closed. The optic eminence on the optic vesicles 
is finally formed on both sides of the future forebrain. At 9.5 to 10 dpc, the optic 
vesicles induce the len placode starting to differentiate on the surface ectoderm. The 
len placodes on the outer surface of the optic vesicle indents to form the lens pit. The 
closure of the len pits induces the formation of the lens vesicle at a later stage. The 
lens vesicle is Mly formed at 11.5dpc. At the mean time, as the lens pits start to 
form, the optic vesicles also indent to form the optic cups. The cells on the inner 
layer of optic cup, which is three to four times thicker than the outer layer, form the 
neural part of the retina. The outer layer of cells forms the pigment layer of the 
retina. The walls of the optic cup do not just provide part of the retina but also the 
future epithelium of the ciliary body and iris. The condensation of perioptic 
mesenchyme forms underneath the pigment layer of the retina at 11.5 dpc, which 
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will differentiate to become the future sclera. Due to the enlargement of the lens, the 
lens fibre nuclei normally staying on the basal region will migrate to the central of 
the lens at 12.5dpc. The cuboidal cells in the center of the lens then supply the new 
lens fibres and increase the size of the lens. The eyelid formation starts on 13.5-14 
dpc, with the closure of eyelids at around 16.5-17 dpc. At 12.5-13 dpc, the 
unmyelinated nerve fibres start to grow from the primitive ganglion cells of the 
neural retina, then migrate to the optic pit and extend through the lumen of the optic 
stalk, future optic nerve, toward to the future optic chiasma. The neural retina keeps 
differentiating to form two nuclear (neuroblastic) layers, of which the layer forms 
the ganglion cells, and the outer nuclear layer becomes the horizontal cells and the 
nuclei of the photoreceptor cells. In between these two layers is the non-nuclear 
layer of Chievitz. Some homeobox genes such as Pax-3 and Pca-6 have been found 
involved in Splotch and small eye of the mutant mice, respectively (Epstein et al., 
1991 and Hilletal., 1991). 
1.11.5 Neural crest cell migration 
Neural crest cells are temporary existing cells either at the neural ectoderm or 
between neural ectoderm and somatic ectoderm. The neural crest cells form the 
future peripheral nervous system (outside the brain and spinal cord). It is believed 
that neural crest cells emerge during the process of neural closure. The neural crest 
originates between neural ectoderm (neuroepithelium) and surface ectoderm located 
in the dorsal part of the neural tube. Tissues are derived from specific neural crest 
cells. For example, trigeminal neural crest cells give rise to trigeminal ganglion, 
glossophharyneal neural crest cells give rise to glossophharyneal ganglia, vagus 
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neural crest cells give rise to vagus ganglia. These cranial neural crest cells are 
developed from rhombomeres, and then stream down to form different types of 
ganglia such as trigeminal ganglia. In addition, these cells also settle at branchial 
arches and rhombomeres. Trunk neural crest cells form the dorsal root ganglia 
(Serbedzija et al., 1990). Evidence has shown that the trunk neural crest cells in the 
mouse migrate to two directions (Serbedzija et al., 1990), the dorsolateral route 
between dermamyotome and epidermis and the ventral route through rostral somites. 
Using the Dil dye for tracing, the neural crest cells were shown to migrate to the 
dorsal aorta and sympathetic ganglia between 8.5 and 9.5 dpc. Between the age 9.5 
dpc and 10.5 dpc, the neural crest cells migrate to the Schwanns cell of motor axons 
and dorsal root ganglia. Reports have also shown the relationship between 
rhombomere (rl-8), cranial ganglia (V-X), and branchial arches (bl-4/6). The 
rhombencephalic crest cells stream down from rhombomere r2, r4 and r6 and 
migrate to ganglionic regions and branchial arches (Lumsden et al., 1991, Serbedzija 
et al.,1989，Serbedzija et al., 1990 and Serbedzija et al., 1992). Some of these neural 
crest cells form cranial nerves ganglia and others form ectomesenchyme by 
thickening of the branchial arches. Neural crest cells are also involved in teeth 
development. The homeobox genes that are associated with the crest cells are the 
Hox-7 and Hox-8 (MacKenzie, 1992). Some Hox genes are closely related to the 
formation of the hindbrain, neural crest cell, ganglia and brachial arches. These Hox 
genes are suggested to be involved in pattem information from the hindbrain to 
pharyngeal arches and ganglia through the migration of neural crest cells (Krumlauf, 
1994) 
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1.11.6 Branchial arches development 
The face and neck arise from the six pair ofbranchial arches (visceral arches). At 9.0 
dpc, the branchial arches extend from the pharyngeal region to the anterior region. 
The first branchial arch forms maxillary and mandibular, from which the upper and 
lower jaws are formed at 11 dpc, respectively. Branchial arch 1 forms the cheeks, 
lips, palate, tongue, enamel of teeth and salivary gland, arch 2 forms the base of the 
tongue and the arch 3 forms the tongue and pharynx air passageway. The homeobox 
gene, Tlxl, is involved in the development ofbranchial arches in murine (Raju et al., 
1993 and Cheng et aL, 1993). 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Mouse embryos 
Pregnant mice of ICR strain were obtained from Laboratory Animal Service Centre 
of CUHK. They were sacrificed by cerival dislocation. The embryo age was counted 
as half day postcoitum (dpc) from the first day when the vaginal plug was observed 
in the female mouse�Developmental stages of the embryos were confirmed by 
somite counts. The development of somites in mouse starts at 8 dpc and extends to 
14.5 dpc. The somite pair numbers at different stages are: 1-7 somites (8.5 dpc), 13-
20 somites (9 dpc), 21-29 somites (9.5 dpc), 30-34 somites (10 dpc), 35-39 somites 
(10.5 dpc), 40-44 somites (11 dpc), 45-50 somites (11.5 dpc), 65 somites (14.5 dpc) 
(Kaufman, 1992). Other structural stage markers include the presence of allantois 
(7.5 dpc), hind limb buds (9.5 dpc), tail rudiment (10.5 dpc), olfactory pit and lens 
vesicles (10-11 dpc) and at 11 and 11.5 dpc, metanephric kidney (11-11.5 dpc). The 
sizes of embryos also increased with gestation age: 6-7 mm (11.5 dpc), 7-9 mm (12 
dpc), 9-10 mm (13 dpc) and 11-12 mm (14 dpc). 
2.2 RNA extraction 
RNA was extracted from fresh mice embryos at different embryonic stages. At early 
stages such as 7.5 to 9.5 dpc, embryos from up to 3 mice (about 8 - 20 embryos) 
were pooled for analysis. At later stages such as 11.5 to 17.5 dpc, 1-2 embryos 
would provide sufficient RNA for the study. RNA from the spinal cord at 12.5 dpc 
(6 embryos) as well as the brain at 14.5 dpc (6 embryos) were also analysed. A 
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single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction (Chomczynski et al” 1987) was used to extract RNA from 
embryos. The whole procedure was kept on the ice to prevent RNA degradation. 
After the RNA was extracted, it was analysed by northern blots (Section 2.7.1) or 
cDNA by the reverse transcription of polymerase chain reaction (RT-PCR) (Section 
2.4). 
The stock solution of solution D containing 250g of 4 M Guanidinium thiocyanate, 
17.6 ml of 0.75 M sodium citrate, pH 7.0，26.4 ml of 10 % (w/v) sarcosyl and 293 
ml ofsterilized H2O was prepared. A 0.36 ml of P-mercaptoetnanol was added to 50 
ml ofsolution D. The sample was homogenized using Teflon homogenizer with 1 ml 
of solution D. Sequentially, 0.1 ml of 2 M sodium acetate, pH4, 1 ml of water 
saturated phenol (GibcoBRL, UK) and 0.2 ml chlorofomVisoamyl alcohol (49:1) 
were added into the homogenate which was shaken vigorously for 10 sec. The 
sample mixture was cooled on ice for 15 mins. The mixture was then centrifuged at 
3500 rpm for 20 mins at 4�C and the precipitated pellet was kept. Solution D, 0.3 
ml, was added into pellet, then equal volume of isopropanol was added and left at -
20�C for 1 hr to precipitate RNA followed by centrifugation for 10 mins at 4 °C. 
RNA was obtained and resuspended in 75 % (v/v) ethanol. The mixture was 
centrifuged again and the pellet was vacuum dried for 15 mins. DEPC-treated H2O 
was then added to dissolve the pellet. 
2.3 Large plasmid preparation 
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The plasmid preparation was used for sequencing (Section 2.5 and 2.6) and 
the preparation of probes (Section 2.4.4 and 2.8.1) used in the various experiments. 
These plasmid preparations were carried out using the Qiagen Kit (Qiagen Inc, 
Germany). The desired single bacterial colony was grown ovemight on ampicillin 
agar plate. It was then transferred to a flask containing 200 ml of sterile Luria-
Bertani (LB) broth with 50 ^g/ml of ampicillin. The LB broth consisted of 10g 
bacto-tryptone, 5g bacto-yeast and 10g ofNaCl per litre of double distilled H2O at 
pH of7.0. The suspension was centrifuged at 3,500 rpm for 5min and the harvested 
bacterial pellet was resuspended in 10 ml P1 buffer containing 100 ^g/ml of RNase 
(Boehringer Mannheim, Germany). Ten milliliters of Buffer P2 were then added to 
the suspension and the mixture was incubated for 5 mins at room temperature. 
Finally, 10 ml of chilled P3 buffer were added to the mixture that was allowed to 
remain on ice for 20 mins. The bacterial lysate was then centrifuged at 12000 rpm 
for 30 mins at 4°C�The supernatant was collected and added to the column of 
Qiagen-tips 500 which was washed two times with 30 ml QC buffer before the DNA 
was eluted with 15 ml QF buffer. About 10.5ml of isopropanol (Sigma, U.S.) were 
added to precipitate the eluted DNA. This was centrifuged at 3500 rpm for 30 mins 
at 4�C. Finally, the DNA pellet was washed with 70 % ethanol, air dried for 5mins 
and then re-dissolved in 1ml TE buffer. 
2.4 The synthesis of cDNAs using Reverse Transcription / Polymerase Chain 
Reaction (RT-PCR) and ligation into Bluescript® IIKS 
2.4.1 The synthesis of R T-PCR products 
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RNA was extracted from the embryos at 13.5 dpc by acid guanidinium thiocyanate-
phenol-chloroform extraction (Chomczynski, 1987) using single-step method of 
RNA isolation. This method was described in RNA extraction (Section 2.2). Since 
the RNA could not be used directly as a template for the amplification, RT was then 
performed after RNA was extracted. The first strand cDNAs of Tlxl, Tlx2 and Tlx3 
were synthesized in the same tube. A 12 i^l reaction mix in each tube containing a 
0.5 jag ofoligo (dT)i2.i8 nucleotides and 15 \igl\i\ ofRNA, it was then heated at 70�C 
for 10 mins and was quick chilled on ice. Four microliters of 5 X first strand buffer, 
2 jal of 0.1 M DTT and 1^1 of 10 mM dNTP mix together with 1^1 (200 units/^1) 
SUPERSCRIPT™II (GibcoBRL, UK) were incubated at 42�C for 50 min. Finally, 
the reaction was inactivated at 70°C for 15 mins. 
Four primers were designed to be used in PCR for the amplification of three Tlx 
cDNAs in separate tubes. The sense primers included 5' CTC CAG GAT GGA GAC 
TAT 3' from the exon 1 of Tlxl, 5' TTG GCT GCG CAC CAC CTT 3' from exon 1 
of Tlx2 and 5' TCT CTG CCC GCC TCC TTT 3' from exon 1 of Tlx3. In order to 
minimize the cost, they all shared the same antisense primer 5' AAG GA(G/C/T) 
GTG CGC GGC TTC 3' from exon 2 of Tlx genes (Appendix 1). The sequence of 
these primers were designed in the Laboratory ofDr C.C. Hui, University of Toronto 
and ordered in Canada. A 50 i^l of the reaction containing lOmM dNTP, 1 ^1 (2.5 
units/^il) of taq polymerase, 1 i^l (0.5^ig/^l) of first stranded cDNA, 10X buffer and 
30 pmole of each primer per pair (one sense and one antisense) were used in each 
reaction. 
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After the RT-PCR products were synthesized, each product was then transferred and 
run on 2 % low melting agarose gel. The expected sizes of the bands were then cut 
out from the gel and were put into separate eppendorf tubes. They were then heated 
until melted. Then phenol/chloroform was added and mixed to the melted gel. These 
mixtures were then centrifuged. The solution on the top phase of each tube was 
transferred to a new eppendorf tube. An amount of 0.1 volume of 3 M NaOAc pH 
5.2 and 100 % EtOH was added to it. It was then left in - 70 °C for half an hour 
followed by the centrifugation. The supernatant was discarded and the pellet was 
dried. Finally, 10 p,l ofH2O was added into each pellet. 
2.4.2 The formation of blunt ends of cDNA 
The RT-PCR products were synthesized with sticky ends. The products were then 
filled with lmM dNTP by 1^1 (2 units/^l) of klenow fragment to make the blunt 
ends. Each reaction was incubated at 25°C for 10 mins. Subsequently, EDTA was 
added to yield a final concentration of lOmM. The sample was then heated at 75 °C 
for 10 mins. An amount of 0.1 volume of 3M NaOAc pH 5.2 and 2 volume of 100 % 
EtOH were added to precipitate cDNAs. After centrifugation, the supernatant was 
discarded and 5 i^l H2O was added to the pellet. This modified cDNAs were then 
ligated into Bluescript® II KS plasmid. The procedure for the ligation was described 
as follows. 
2.4.3 The ligation of cDNA with plasmid vectors 
Before the ligation, Bluescript® II KS plasmids were cut with Sma I. The 
dephosphorylation of both Bluescript® II KS plasmid and modified cDNAs were 
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then performed separately. For each reaction, a 10X dephosphorylation buffer and 1 
i^l (luniVjid) of CIAP were added and then incubated for 30 mins at 37 °C. Followed 
by second application of 1^1 of CIAP on each reaction, it was then reincubated for 
30 mins at the same temperature. Finally, EDTA was added into each reaction to 
yield a final concentration of lOmM and the reaction was incubated at 75°C for 10 
mins. Each reaction was cleaned with phenol (GibcoBRL, UK) /chloroform (Merck, 
Germany) and was then added with 3 M NaOAc pH 5.2 and 100 % EtOH to 
precipitate. To perform the ligation, one volume of Bluescript® II KS plasmid plus 
three volume of cDNA were ligated in a 10 i^l reaction mixture containing 2 jid of 5 
X T4 Ligase Buffer (Gibco, UK) and 1 ^1 of T4 Ligase (Boehringer Mannheim, 
Germany). They were incubated at 1 6 � C for 8 hrs. 
2.4.4 Transformation 
Each ligation product was transferred into 100 jtil of DH5a competent cells per tube 
and this was sat on ice for 10 mins. Cells in each tube were heat shock at 42°C for 1 
min and 1 ml of LB was added into tube. Each reaction was incubated at 37 °C for 1 
hour and was then plated out on three ampicillin (50 ^ig/ml) agar plates. Each white 
colony was transferred and grown into LB with ampicillin (50 ^g/ml). DNA was 
then extracted using miniprep plasmid purification (Section 2.4.5) (Sambrook, et al., 
1989). The methods (Section 2.4.1, 2.4.2 and 2.4.4) were also applied to the 
formation of 371 Tlx3 subclone which was obtained from the ligation ofpart of 371 
Tlx3 and Bluescript® II SK plasmid. 
2.4.5 The miniprep plasmid purification 
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A single colony of bacteria was transferred into 1 ml of LB in 15 ml loose cap tube. 
This culture was incubated at 37 °C ovemight. One millilitre of the culture was 
transferred into a microfuge tube and centrifuged at 12000g for 30 seconds. The 
‘ supernatant was aspirated and the pellet was kept. 
The bacteria pellet was resuspended into 100 ^1 of ice-cold solution I containing 
50mM ofglucose, 25mM ofTris-HCl and 10 mM ofEDTA at pH 8. Two hundreds 
microlitres of solution II containing 0.2 N NaOH and 1 % SDS were added into 
same tube and the solution was mixed for few times. Finally, 150 jil of the solution 
III containing 3 M of potassium acetate and 5 M of glacial acetic acid containing 
were added into the tube and the solution was vortexed. The mixture was centrifuged 
at 12000g for 5 mins at 4°C. Subsequently, the supernatant was kept and was added 
with equal volume of phenol/chloroform. It was then vortexed and centrifuged at 
12000g for 5 mins. Two phases of supernatant appeared in the tube. The top phase 
was transferred into new centrifuge tube and was added with two equal volume of 
ethanoL This mixture was precipitated at room temperature for 2 mins and was then 
centrifuge at 12000g for 5 mins at 4°C. The DNA pellet was kept and the 
supernatant was discarded. Finally, the pellet was washed with 70% ethanol and 
dried. A 50 |il o fTE containing lOmM Tris-HCl and 1 mM EDTA at pH8 together 
with 20 ^ig/ml ofDNAase-free pancreatic RNAase (Sigma, US). 
2.5 T7 sequencing 
The following procedure was performed using the T7 Sequencing ™ Kit (Pharmacia, 
US). Sequences of the unknown cDNA (Section 3.1.1 and 3.1.3) and genomic DNA 
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(Section 3.1.2) were verified using this method. The desired DNA sequence were 
selected for making probes for various experiments such as Northern blot, whole 
mount in situ and section in situ hybridization. 
There were several primers employed for different experiments. The following 
primers were used to confirm the unknown sequence of Tlx cDNA (Section 3.1.3). 
Tlx2 primers (kindly provided by Dr S.H. Cheng) was located on conserved regions 
which were 90 % homology to 77x5. It could possibly be used to find out sequences 
of all three Tlx genes. The annealing temperatures of the primers were determined by 
their length and the GC content of the primers. The sense primer 5'ACC GCC CGC 
TGC CCG TG 3' was located at exon 1 of Tlx2, the antisense 5^  TCG GTT CTG 
GAA CCA GGT CTT GAC 3' was placed in exon 2 of Tlx 2 and sense primer 5' 
GGC CAT CCC TAC CAA AAC 3' was located at exon 2 of Tlx2, all were used at 
the 57°C annealing temperature. In addition, two primers, Sp6 5, ATT TAG GTG 
ACA CTA TAG 3' and the T7genel0 5, GAG GTT GTA GAA GTT CCG 3 �w e r e 
also used to confirm the unknown sequence of Tlx cDNA and were designed from 
the product of 10 day mouse embryo cDNA library in AEXlox® vector. These 
primers were ordered from Pharmacia in US. Moreover, the sequences of the 
subcloned cDNA plasmids (Section 3.1.1) and 371 genomic subclone (Section 3.1.2) 
were also used this method (Section 2.5). These cDNA clones were inserted into 
Bluescript® II KS. Hence, two primers T7 (5' GTA ATA CGA CTC ACT ATA 
GGG C 3') and T3 (5' AAT TAA CCC TCA CTA AAG GG 3') were designed from 
the plasmid vector and used to detect the sequences of inserts using T7 and T3 
polymerase, respectively. 
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The plasmid DNA (1.5-2 ^ig) in a volume of 32 i^l was denatured in 8 ^1 of 2M 
NaOH to make the total volume of 40 [d and was incubated at room temperature for 
lOmins. Seven microlitres of3M NaOAc at pH 5.2, 4^il ofH2O and 120 |il of 100% 
ETOH were added to precipitate the DNA. After precipitation, DNA pellet was 
rinsed, dried and then resuspended in 10^1 HjO. This was used as DNA template. 
Two microlitres (5-10 pmol) of the annealing reaction primer and 2[d of annealing 
buffer were added to lOjid sample of template DNA. The mixture was incubated at 
65 °C for 5 mins followed by a second incubation at 10 mins at 37 °C and was then 
allowed to cool at room temperature for 5 mins. 
A labeling mixture containing 2 ^1 of diluted T7 Polymerase in (1:4) dilution buffer, 
2 jLd (5^iCi) of labeled nucleotide [a-''S]ATP (Amershan, UK) and 3 ^1 of DNA 
samples were prepared. This mixture was incubated at room temperature for 5 mins. 
Two and one half microlitres of each sequencing mixtures of G，A, T and C were 
added to the appropriate well in pre-labeled microtitre plates and allowed to stand 
for one minute at 3TC. Then, 4.5 i^l of the labeling mixture was added and the 
reaction mixture was incubated for 5mins at 37 °C after which a 5 ^1 stop solution 
was added. Samples were stored at -20°C ovemight. The reaction samples were 
heated at 80-90 °C on the heat block next day for 3 mins just before loading onto the 
gel. 
2.6 Double stranded DNA cycle sequencing of plasmid 
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The Double stranded DNA cycle sequencing system (Pharmacia, US) was used to 
find their sequences. There were two primers, Sp6 5' ATT TAG GTG ACA CTA 
TAG 3' and the T7genel0 5' GAG GTT GTA GAA GTT CCG 3' were obtained 
from T7 Sequencing ™ Kit (Pharmacia, US). They were used to sequence 3' end of 
the 371 cDNA of 77x5 clone (about 1.5 Kb) and 3' end of former Tlx3 genomic 
subclone (about 0.5 Kb). 
End-Labeled Primer: A 5 |il mixture containing l|il distilled H2O, 1 jiU 5X Kinase 
Buffer, lp,l primer (1 pmol), l^il [y-^ ^ P]ATP (Amersham, UK) and l^il ( l u n i _ of 
T4 Polynucleotide Kinase was prepared. The mixture was first incubated at 37°C for 
30 mins followed by a second incubation at 55°C for 5mins. The mixture was placed 
on ice until use. 
Pre-reaction mixture: A 36 jil mixture containing 20.5 |il distilled H2O, 4.5^il 10X 
Taq Sequencing Buffer, 5^1 template DNA, l|il (2.5 ^ig/^l) Taq DNA Polymerase 
2.5 units (Gibco BRL, UK) and the 5p,l End-Labeled Primer was prepared and kept 
on ice� 
Sequencing reaction: Four 0.5ml microcentrifuge tubes were labeled with A, C, G 
and T. Each tube had 2 i^l of one of the termination mix A，C, G and T plus 8 ^1 of 
pre- reaction mixture. They were then incubated at 95°C for 3 mins inside a pre-
heated thermal cycler. The program for sequencing reaction was set up and it 
consisted of 40 cycles of a denaturation step at 95�C for one minute, an annealing 
temperatures for Sp6 primer used 55 °C or T7 primer used 43 °C for 45 sec and an 
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extension step at 70°C for 1 min. This was followed by another program of 14 cycles 
consisting of a denaturation step at 95°C for 1 min and an extension step at 70°C for 
1 min. At the end of the second program, all tubes were removed from thermal 
cycler and placed on ice. Five microlitres of stop solution were added to each tube, 
mixed thoroughly and then quick spun. All samples were placed on ice or stored at -
20°C 
2.6.1 Gel electrophoresis 
Gel electrophoresis was used to analyze the sequencing reactions (Sambrook et al., 
1989). 
Two glass plates were washed with detergent and allowed to dry. They were then 
cleaned with alcohol and mbbed with chloroform followed by a final wipe with 
dichlorosilane (Pharmacia, US). The two glass plates were put together with thin 
plastic spacers located in between them. They were then bound on all sides with gel-
sealing tape (GibcoBRL, UK) and clamped together with several larger clips. Liquid 
7% Polyacrylamide gel was then poured into the plates. 
This gel solution which used for gel eletrophoresis was made with IX TBE 
containing 1.08g ofTris Base (GibcoBRL, UK), 0.55g of Boric Acid (GibcoBRL, 
UK) and 0.4 ml of0.5 M EDTA pH8. Fourty two gram ofUrea (Sigma, US), 17.5ml 
of (9:1) v/v Acrylamide-bis-Acrylatnide (Sigma, US), 41 ml of ddH2O, 0.06g of 
Ammonium Persulfate (GibcoBRL UK), and 15 i^l of TEMED (GibcoBRL, UK) 
were also added. The top and bottom reservoirs of electrophoresis apparatus were 
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filled with IX TBE. The completed reactions (from the sequencing reactions 
described in Section 2.5 and 2.6) were heated at least at 80-90°C for 3mins on the 
heat block before use. For double stranded DNA cycle sequence reaction, 4jji of 
each sample was loaded into each well and for the T7 sequence reaction, 2|il of the 
sample were loaded per well. The gel was allowed to run at a constant power of 55W 
for 3 hours after each loading. After that, sequencing gel was blotted onto 3MM 
filter paper, covered with wrap and dried in the gel dryer for 2 hrs. The gel was 
exposed to a X-ray film at —70�C for 24 hrs. 
2.7 Northern blot 
2.7.1 Preparation of Northern blot 
The extracted RNA samples (Section 2.2) were obtained from the spinal cord at 12.5 
dpc, the brain at 14.5 dpc and the different embryonic stages including 7.5, 9.5, 11.5, 
13.5, 14.5 15,5 and 17.5 dpc of the mouse. For preparing the agarose gel, 1.12 g of 
agarose in 70 ml H2O was dissolved by microwave. Twenty-two millilitres of 5 X 
formaldehyde gel-running buffer containing 0.1 M of MOP, 40 mM of sodium 
acetate and 5 mM of EDTA were introduced. Following by 20 ml of formaldehyde 
were mixed into the gel solution. After the solution was cooled down, it was poured 
onto the gel tray. 
The concentration of total RNA samples were measured in spectrophotometer ( 
Pharmacia, US). Fifteen micrograms of each as described above were mixed 
together with 4.5 i^l of DEPC-treated H2O, 3.5 i^l of formaldehyde, 10 ^1 of 
formamide (GibcoBRL, UK) and 2 |il of 5 X formaldehyde gel-running buffer. Each 
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sample was incubated for 15 mins at 65°C, and was chilled on ice. Subsequently, 2^1 
of loading buffer which containing 50 % (v/v) glycerol, 1 mM EDTA (pH 8.0), 0.25 
% (w/v) bromophenol blue and 0.25 % (w/v) xylene cyanol FF were added to the 
RNA samples and the mixture was loaded onto the gel. 
The gel was prewarmed by switching on the electricity for a short time before 
loading samples. RNA samples were loaded onto the gel and were run at 90-100 
volts for three hours. Subsequently, the capillary transfer was set up in the following 
sequence (from bottom to top). The tray was set up to hold 1 M NaPO4 buffer pH 8. 
This buffer was made with two chemicals, 142 g of Na2HPO4 were dissolved in 1 L 
H2O, and 120 g ofNaH2PO4 dissolved in 1 L ofH2O to make stock solutions, a 93.2 
ml of 1 M Na2HPO4 and 6.8 ml of 1 M NaH2PO4 were make up to 100 ml solution as 
the working. On top of the tray was covered with a clean glass plate, then a piece of 
3MM paper touching the buffer from below and the gel laid above them. On top of 
the gel, there was nylon membrane (Amersham, UK) then 4 pieces of 3 MM 
Whattman and paper towels. After everything was stacked up, another glass plate 
was laid on top and supported a weight on it. On the following day, RNAs were 
cross-linked on the membrane by a UV crosslinker (Strategene, US) at 120000 ^ 
Joules. The RNA marker was cut out from the membrane and was stained with 
methylene blue, which consisted of 0.03 % (w/v) of methylene blue in 0.3 M sodium 
acetate at pH5.2. This RNA marker was saved for later use as a reference for the 
detection ofRNAs' sizes on the Northern blot. 
2.7.2 Hybridization ofNorthern blot 
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After the northern blot was prepared, the exon 3 and 3, untranslated region of Tlx3 
was subcloned into the Bluescript® II KS plasmid. This region was cut out by the 
enzyme Apa I. About 500 ng of DNA was loaded and run in the 2 % low melting 
agarose gel. The gel piece containing Tlx3 was cut from the gel. This gel was 
melted at 70°C on the heating block for 5 min. Using the Megaprime™ DNA 
labeling systems (Amersham, UK), 10 jid of the gel solution, 2.5 p,l of the primer and 
9.5 ^1 of H2O were added together and then heated at 1 0 0 � C for 5 mins. After a 
quick spin, 2 ^1 of 10 % BSA, 20 i^l of the reaction buffer, 1 ^1 ofKlenow fragment 
and 50 ^iCi [a-^^P]-dCTP (Amersham, UK) were added and incubated at 3 7 � C for 1 
hr. Ten millilitres of the hybridization buffer were used to prehybridize the Northern 
blot in the hybridization tube at 55�C for an hour. The hybridization buffer was 
made with 10 ml of 1 M NaP at pH 7.2, 7 ml of20% SDS (Sigma, US), 40^il of0.5 
M EDTA, 0.2 g of BSA (Sigma, US), 100 ^1 of 10 mg/ml ssDNA and was finally 
added with the DEPC H2O to 20 mL Consequently, another 10 ml of hybridization 
buffer was replaced, the prepared probes described from above were introduced into 
the buffer and were hybridized with the membrane ovemight. On the next day, the 
blot was washed twice with buffer at 55°C for one hour each. This buffer contained 
30mM NaP and 0.1 % (w/v) SDS. After the wash, the blot was allowed to dry and 
was exposed to an X-ray film at - 7 0 � C (Kodak, US) 
2.8 DIG labeled probes in whole mount in situ hybridization 
The probes for the whole mount in situ hybridization were labeled using the 
following method (Conlon et al.，1992). The DEPC was used to inhibit RNase. All 
solutions and ddH2O except organic solvents and Tris were treated with DEPC. For 
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the Tris buffer, ddH2O was treated with DEPC and was then heated in 180°C 
ovemight. Finally, an appropiated amount of Tris was added. All organic solvents 
were stored separately and specified only for RNA experiments. 
2.8.1. Preparation of linear DNA to generate riboprobes 
Several plasmids were used for whole mount in situ hybridization. The genomic 
plasmid clone containing exon 3 and 3' untranslated region of Tlx3 (kindly provided 
by Mr. Ka Ming Pang and Dr. Cheng) was subcloned in Apa I region of Bluescript® 
II KS (Appendix 2). This Tlx3 genomic subclone was used for in situ hybridization 
and in Northern blots (Section 2.6.1). Enzyme Kpn I was used to cut this plasmid 
and the antisense riboprobes were transcribed using T7 polymerase. Hind III was 
used to cut the plasmid to linear and sense riboprobes were transcribed using T3 
polymerase� 
In addition, Tlx3 cDNA clones were obtained from library screening from a 10 day 
mouse cDNA library OSfovagen, US). Clones of 371, 381, 401，404，432 and 362 
were obtained by Dr. SH Cheng. Among these clones, the 371 clone (Appendix 3) 
was found to be the best one for use in the experiments. Another cDNA was 
obtained by cutting 371 clone at Sma I site and was inserted into Bluescript® II KS. 
The 371 clone was cut by enzyme EcoRl and DIG-labeled antisense riboprobes 
were transcribed using SP6 polymerase. The subclone of 371 (Section 3.1.3 and 
appendix 4) including the exon 3 to 3’ untranslated region was cut by enzyme Bam 
H1 and the DIG labeled antisense riboprobe was transcribed using T7 polymerase. 
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This subcloned plasmid was also cut by enzyme EcoRl and the DIG labeled sense 
riboprobes were transcribed using T3 polymerase. 
The Sonic Hedgehog {SHH) cDNA, about 0.6 Kb, which was kindly provided by Dr. 
CC Hui (University of Toronto, Canada), was used for whole mount in situ 
hybridization as a positive control. This plasmid clone was cut by enzyme Hind III 
and its riboprobes were transcribed using T3 Polymerase. 
All these DIG labeled riboprobes as described above were used to hybridize the 
whole mount in situ hybridization. 
The desired DNA plasmid clones as described above were used to make linear DNA. 
The DNA digestion mixture contained 20 jag ofDNA plasmid, 2^1 of 10X buffer, 2 i^ 
1 of enzyme and 16|il of ddH2O. The mixture was incubated at 2>TC for 2 to 3hr. 
After incubation, an equal volume of phenol/chloroform (1:1 v/v) solution was 
added to the mixture and then vortexed for lmin. The top aqueous phase was 
collected to new tube and an equal volume of chloroform was added and mixed 
thoroughly. The top phase was again collected and O.lvolume of 3M NaOAc as well 
as 2.5volume ofEtOH was added to it. The DNA mixture was allowed to stand at _ 
70�C for 10 min. The DNA pellet was spun down, washed with DEPC treated 70 % 
EtOH and dried in vacuum. Twenty microliters of DEPC treated TE buffer were 
added to dissolve the DNA pellet and it was then stored at 4°C till use (Section 
2.8.2). 
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2.8.2 Preparation of DIG labeled riboprobe 
The generation of riboprobe was carried out using the in vitro transcription method. 
One microgram per microlitre of linear DNA template (Section 2.8.1), lOul ofDEPC 
treated H2O, 4ul o f 5 X Transcription buffer (Gibco BRL, UK), lul of0.75M DTT, 
lul of RNase Inhibitor (Gibco BRL, UK), lul of RNA Polymerase (T3,T7,Sp6) 
(Gibco BRL, UK) and 2ul ofRNA Labeling Mix (lOX) (Gibco BRL,UK) were put 
together and incubated for 2 hours at 37 °C. After incubation, 2ul of 0.2M EDTA, 
2.5ul of 4M LiCl and 75ul of 100% ethanol were added to precipitate the riboprobes 
at -20 °C ovemight. The next day, the pellet of riboprobes was dissolved in 22.5ul of 
water at 37 °C for 30 mins. Then 2.5ul of 4M LiCl and 75ul of 100% EtOH were 
added to precipitate the riboprobes again at -70 °C for 30min. After centrifugation, 
200p,l of hybridization buffer were added and the riboprobes were allowed to 
dissolve at 50 °C for 10 mins. The solution of riboprobes was then stored at -70 °C 
until use. Before use, probes were kept on ice and allowed to melt. 
2.8.3. Preparation of embryo powder 
Mouse embryos of 13.5 dpc were homogenized in a minimum calcium-magnesium-
free PBS containing 0.15 M NaCl and lOmM sodium phosphate at pH 7.2 on ice. 
Four volumes of cold acetone (Merck, Germany) were added and mixed vigorously. 
The homogenate was then kept on ice for 30min with occasional vigorous mixing. 
Precipitation was obtained by spinning at 10,000g for lOmins and the supernatant 
was discarded. The pellet was washed with cold acetone, mixed vigorously again 
and allowed to sit on ice for lOmins. It was then centriftiged at 10,000g for lOmins 
and the pellet was transferred to a piece of filter paper and allowed to air dry at room 
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temperature. As it dried, the pellet continued to spread and disperse. Finally, this 
powder was transferred to an airtight container and stored at 4°C. 
2.8.4 A bsorption of antibody 
Solution of preabsorbed antibody was always freshly prepared. Embryo powder 
(Section 2.8.3) was one of the ingredients used for the preparation of pre-absorption 
of the antibody. To accomplish this, a few milligrams of the embryos powder were 
inactivated by heating at 70 °C for 30 mins in 1ml of TBST containing 0.1 % (v/v) 
Tween-20. This powder solution was transferred to another solution containing the 
antibody diluted in 1:5000 cold TBST, 2mM levamisole and 1 % (v/v) heat-
inactivated goat serum. This mixture was kept on rocking for 30mins at 4°C and was 
then centrifuged at 10,000g for lOmins at 4�C. The precipitate was discarded and the 
supernatant with preabsorbed antibody was kept for later use (Section 2.8.5). 
2.8.5 Embryo preparation 
Embryos aged between 7.5 to 12.5 dpc were used. The procedure for preparing the 
embryos for in situ hybridization was carried out over five days and described 
below. All procedures including incubation, rinsing and washing were carried out 
with rocking except otherwise indicated. 
Day 1 
Embryos were dissected from the uterus using sterile instruments. All 
extraembryonic membranes were removed from embryos and inverted twice in 10ml 
of 4% (w/v) paraformaldehyde (Merck, Germany) in PBS (Sambrook et al., 1989). 
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Embryos were then transferred into fresh 4% (w/v) paraformaldehyde and kept for 2 
hrs for 8.5 to 10.5 dpc embryos and 4 hrs for 11.5 to 12.5 dpc embryos. They were 
then rinsed three times with 10ml cold PBT solution and were finally stored in 10ml 
cold methanol (MeOH) at -20^C overnight. 
Day2 
The next day, embryos were bleached with 10ml of 5% (1:5 v/v) H2Cy MeOH for 
5hr, after which they were washed in MeOH several times and stored in MeOH at -
20°C overnight. 
Day3 
Embryos were dehydrated in 75 %, 50 % and 25 % (v/v) of MeOH/ PBT (PBT 
contain PBS with 0.1 % (v/v) Tween 20 (Sigma, US)) and were then washed in 10ml 
PBT for three times. This was followed by incubation in 20p,g/ml of 2 ml proteinase 
K. The length of incubation in proteinase K varied with different sizes of embryos. 
Whole embryos of age 7.5 and 8.5dpc were incubated for 4min, those of age 9.5dpc 
for 6.5mins and those of ages 10.5 as well as 11.5dpc for 8min. Embryos of age 
12.5dpc were incubated for 9min. After incubation, the embryos were treated twice 
with 2ml of glycine solution (2mg/ml in PBT) followed by a rinse with 2ml PBT 
solution. Embryos were first washed in 2ml of freshly made 0.2 % glutaraldehyde / 4 
% paraformaldehyde (v/v) solution in PBS for 20mins and were then washed three 
times with 2ml PBT. Two milliliters of freshly made 0.1% sodium borohydride in 
PBT were then added to the embryos which were incubated in the upright position 
for 20mins. Embryos were then washed twice in PBT followed by two washes in 
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hybridization buffer containing 50 % (v/v) formamide, 0.75 M NaCl, IX PE (10 mM 
ofPIPES mixed with 1 mM EDTA) at PH 6.8, lOO^ig/ml oftRNA, 0.05 % (w/v) of 
heparin, 0.1 % (w/v) ofBSA and 1 % (w/v) of SDS. After washing in hybridization 
buffer, embryos became translucent. Embryos were then kept in 2ml of 
prehybridization buffer for an hour at 63°C. Subsequently, embryos were transferred 
into a tube filled with hybridization buffer containing the DIG probes (Section 
2.8.2). The concentration of each probe contained 0.5-2 jiig/ml in 1.5 ml 
hybridization buffer per tube, which was about 12-15 ^1 of prepared DIG labeling 
probe in each tube. 
Day4 
After the ovemight hybridization, embryos were washed once with Wash 1 
containing 300mM ofNaCl, IX PE and 1 % of SDS. They were washed again with 
Wash 1 for 30 mins at 63 °C followed by another two washes of Wash 1.5 
containing 50mM NaCl, 1 X PE and 0.1 % (w/v) SDS for 30 mins at 50 °C each. 
RNase buffer comprising of0.5 M ofNaCl, lOmM ofPIPES pH 7.2 (Sigma, U.S.) 
and 0.1 % (v/v) of Tween-20 was then used to wash embryos followed by the 
incubation for 60 mins at 37°C with the solution containing lOO^g/ml RNase A and 
lOOU/ml RNase T1 in RNase buffer. After the incubation, embryos were rinsed once 
with RNase buffer, followed by a wash with Wash 2 containing 50 % (v/v) 
formamide, 300mM ofNaCl, 1 X PE with 1 % (w/v) of SDS and were then with 
Wash 3 comprised of 50 % (v/v) formamide, 150 mM ofNaCl, 1 X PE with 0.1 % 
(v/v) of Tween-20 for 30 mins at 50 °C , as well as a final wash with Wash 4 
consisted of500 mM ofNaCl, 1 X PE and 0.1 % (v/v) ofTween-20. 
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Embryos in Wash 4 were then placed on a heating block at 70�C for 20mins. These 
embryos were then incubated for lhr at room temperature in a TBST solution (1.37 
M ofNaCl, 0.027 M ofKCl and 0.25 M ofTris base at pH 7.6 in 0.1 % (v/v) Tween 
20) together with 2mM levamisole and 10% (v/v) heat-inactivated goat semm 
(inactivated at 70°C for 30mins). Following this incubation, a freshly prepared 
preabsorbed antibody solution (Section 2.8.4) was added to the embryos and kept 
ovemightat4°C� 
Day5 
Embryos were transferred to the TBST solution containing 2mM fresh levamisole 
(about lOml). These embryos were then washed for at least three times in TBST 
solution and were washed with continued changing of the fresh TBST solution every 
one hour at room temperature for at least five times. After this, the TBST solution 
was replaced by freshly prepared NTMT containing 100mM ofNaCl, 100mM of 
Tris base pH 9.5, 50mM of MgC12 and 0.1% (v/v) Tween 20 as well as 2mM 
levamisole in 5ml solution. This was used to wash the embryo twice for 20 mins 
each at room temperature. Embryos were then transfered into the small petric dishes 
where staining was carried out. 
2.8.6 Embryos staining 
To start the colour reaction, reagents ofthe NBT/BCIP-stable mix (GibcoBRL, UK) 
containing 2mM levamisole in NTMT were used. These embryos were rocked for 
5mins and were then left aside. The purple colour reaction should be visible within 
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5mins and could complete within 20mins. The colour reaction was however allowed 
to proceed ovemight at room temperature in the dark. Disturbance of embryos was 
kept to the minimum because such disturbance would cause precipitation. To stop 
the colour reaction, embryos were washed with three changes of PBT containing 
PBS solution with 0.1% (v/v) ofTween 20 and were stored at 4�C. Alternatively, the 
dehydration step was performed immediately with three changes of TBST to wash 
embryos. This was then followed by dehydration in one change of 50% (v/v) and 
two changes of 100% methanol. The dehydration process intensified the pink-to-
purple reaction products changing to dark blue. Embryos were then rehydrated 
through a series of integration from 50% (v/v) methanol/TBST to 100% TBST. 
Finally, embryos were placed in 1:1 (v/v) glycerol (Sigma, U.S.)/CMFET. The 
solution of CMFET contained 0.137 M ofNaCl (Sigma, U.S.), 0.03 M of KC1 
(Sigma, U.S.), 0.008 M ofNa2HPO4 (Sigma, U.S.), 0.015 M ofKH2PO4, 0.0007 M 
of EDTA and 0.1 % (v/v) Tween 20. Embryos were then soaked in 4:1 (v/v) 
glycerol/CMFET for 1 hour. These embryos were then examined using the 
microscope and colour photographs were taken. 
2.9 Sections from whole mount in situ hybridization 
The following method was introduced to embryo sections that had been hybridized 
with Tlx3 antisense probes in whole mount in situ (Section 2.8). Embryos at 10.5 
dpc which had gone through the whole procedure of whole mount in situ and were 
still soaking in glycerol/CMFET. Subsequently, three washes with PBT were 
employed for one hour each. Embryos were transferred to 50 ml solution containing 
ice-cold 4 % paraformaldehyde in DEPC treated PBS at 4°C ovemight. Beyond this, 
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the subsequent steps were similar to those steps of paraffin block preparation and 
slide sections as described later (Section 2.10.1 and 2.10.2). After the mouse 
embryonic samples were cut in section with 5 microns which were then dewaxed 
and were washed two times in xylene (Merck, Germany) for 5 minutes. The sections 
were hydrated through a series of graded alcohol of 100%, 95% and 70%. The 
samples were rinsed for 3 minutes with water and were stained in 1% (w/v) Eosin 
solution for 5 mins. After the sections were briefly rinsed in tap water and were then 
dehydrated in a series of alcohol of 70%, 95%, then in 100% alcohol twice for 3 
mins each. Finally, samples were cleared with xylene twice for 3 to 5 mins each and 
were mounted with permount (Fluka, Germany). 
2.10 The radiolabeled section in situ hybridization 
2.10.1 The preparation of paraffin wax block and sample sections 
Embryos were dissected in sterile PBS. Embryos were then transferred to 50ml 
solution containing ice-cold 4 % (w/v) paraformaldehyde in DEPC treated PBS at 
4°C and left ovemight. The next day, the solution was replaced with 50ml of PBS 
and left for 30 mins, followed by a replacement of 50ml of saline for 30 mins at 4 
°C. Subsequently, embryos were dehydrated in the solution ofEtOH/ 0.15M saline 
from 50 % (v/v) EtOH to 70 % (v/v) EtOH in 0.15M saline solution at 4�C for 30 
mins each and these embryo samples were finally stored at 4 °C ovemight. The 
following day, embryos were washed by a series of EtOH/ 0.15 M saline solution 85 
% (v/v) and then 95 % (v/v) in saline solution at RT for 30 min each. Then embryos 
were bathed in the same tube with 100% EtOH twice for 30 min each at RT. 
Embryos were transferred to a glass vial and the solution was replaced by 50% (v/v) 
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EtOH/xylene, then xylene for 45 min each at RT, separately. Embryos were 
transferred to the mixture of xylene /paraffm 1:1 (v/v) at 60�C and were then 
incubated in paraffin wax twice at the same temperature for 30 mins each. Finally, 
embryos were transferred to metal mould containing melting wax. The embryo block 
was made by transferring this metal mould on cooling plate to solidify the wax. 
The water bath and slide warmer were set at 37°C-42°C. The microtome plate was 
used to cut the ribbons of 6 i^m sections from the block and sections were placed on 
the warm water in the water bath. The cleaned slides treated with 3-
aminopropyltriethoxysilane (Sigma, US) were used to pick up the embryo sections. 
Sections were dried on the slide warmer ovemight. 
2.10.2 Slide pretreatment 
All the solutions used for the slide pretreatment were DEPC treated except solutions 
such as methanol, alcohol and isopropanol. The embryo sections were dewaxed in 
xylene twice for lOmins. The sections were washed for 2 mins with 100% EtOH. 
These sections were then rehydrated by quickly putting slides through another 100% 
EtOH. Slides were continued rehydrated in a series of 95%, 85%, 70%, 50%, 30% 
EtOH with 0.15 M of saline solution. Sections were washed in 0.15M saline solution 
for 5mins followed by two washes in PBS for 5 mins each. After this, samples were 
fixed in 4% (w/v) paraformaldehyde in PBS for 20mins and then washed twice with 
PBS for 5 mins each. The sections were incubated in proteinase K 20^g/ml solution 
containing 50mM Tris pH 7.5 and 5 mM EDTA for 7.5 mins at room temperature 
and were then washed with PBS for 5 mins. The sections then had another round of 
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fixation in 4% (w/v) paraformaldehyde for 5mins and then washed with PBS for 3 
mins. This was followed by two rounds of incubation in 500ml TEA solution 
containing 0.1 M of triethanolamine (Fluka, Germany) at pH 7.5 with 1.25 ml of 
acetic anhydride for 5mins each. Samples were then washed twice with PBS 
followed by another wash with saline solution. Sections were then rehydrated by 
quickly putting the sections through 30%, 50%, 70%, 85%, 95%, 100% and 100% 
EtOHy^saline. Finally, samples were air dried and used on the same day for 
hybridization or stored at -80°C. 
2.10.3 Preparation of probe 
Plasmid clones including Tlx2 and Tlx3 genomic clones were used for section in situ 
hybridization. These two clones were kindly provided by Dr. Cheng (CUHK, Hong 
Kong). The Tlx2 genomic DNA containing the exon 3 of Tlx2 (0.3 Kb) was 
subcloned in Bkiescript® II KS (about 3 Kb). Tlx2 plasmid clone was linearize by 
Bam HI enzyme and its antisense riboprobes were generated using T3 Polymerase. 
In contrast, Tlx2 plasmid, clone was linearized by EcoR V enzyme and its sense 
riboprobes were generated using T7 polymerase. The Tlx3 genomic DNA containing 
exon 1 of Tlx3 (1.2 Kb) was subcloned in Bluescript® II KS. Tlx3 plasmid clone 
was linearized by enzyme Xba and its antisense riboprobes were generated using T3 
Polymerase. In contrast, Tlx3 plasmid clone was linearizes by enzyme Hind III and 
its sense riboprobe was generated using T7 Polymerase. 
Pax-2 cDNA clone (0.5 Kb), kindly provided by Dr. Cheng (CUHK, Hong Kong), 
was used as positive control for section in situ. The Pax2 plasmids were cut with 
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enzyme Bam H1, the antisense riboprobes were transcribed using T3 polymerase. 
The Pax-2 plasmids were cut with EcoRl to linear and the sense riboprobes were 
generated using T7 Polymerase. The Tlx2 genomic DNA contained exon 3 of Tlx2, 
0.3 Kb, subcloned in Bluescript® II KS. The antisense riboprobes of Tlx2 were 
generated using T3 polymerase after its plasmid was cut with BamHl and the sense 
riboprobes were generated using T7 polymerase after the same plasmid was cut with 
EcoRV. The Tlx3 genomic DNA contained exon 1 of Tlx3, 1.2 Kb was subcloned in 
Bluescript® II KS. The antisense riboprobes of Tlx3 were produced using T3 
polymerase after its plasmid was cut with enzyme Xba and the sense riboprobes 
were produced using T7 polymerase after the same plasmid was cut with Hind III. 
All the riboprobes from above radiolabeled with S^^TP were used to hybridize 
embryo sections. 
Probes were obtained from the following procedures at room temperature. One |il 
(lug/ul) of linear Template, lO^il of DEPC treated H2O, 4^1 of 5 X Transcription 
Buffer (Gibco BRL,UK), 1^1 of 0.75M DTT, 1^1 ofRNase Inhibitor (Gibco BRL, 
UK), l)Ld of RNA Polymerase (either T3 or T7) (Strategene, UK), l^il of 10 mM 
GTP, l|al of 10 mM ATP, 1^1 of 10 mM CTP (Gibco BRL, UK) and l^il of [a-
35S]UTP (Amersham, UK) were added together and was incubated at 37°C for 2 hrs. 
Then, this mixture was added to reagents containing 2^il of tRNA, 2[il of 0.75 M 
DTT, 66^il ofDEPC treated 压 0 and lO i^l of3M sodium acetate (Sigma, U.S.). The 
mixture was added with an equal volume of phenol/chloroform (1:1 v/v). After 
vortexed, it was then centrifuged for 5 mins. The aqueous phase was collected and 
50^il of 7.5M ammonium acetate together with 400^il of ethanol were added to the 
solution. This mixture solution was left at -70�C for 15 mins to precipitate. 
Subsequently, the solution was centrifUged for 5mins and the pellet was collected. 
The pellet was then washed in 70% ethanol and was spinned again. The supernatant 
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was discarded and the pellet was dissolved in 50|il of lOmM DTT. One microlitre of 
the sample was counted using the scintillation counter. The optimal concentration of 
probes was at 5 X10^ cpm/|il. 
2.10.4 Hybridization 
Riboprobes (2.10.3) were denatured at 100�C for 2 mins, and were diluted in 
hybridization buffer. The hybridization buffer contained 0.3M of NaCl, 20mM of 
Tris pH8, 5mM of EDTA, lOmM of NaPO4 pH8, 10% (w/v) dextran sulphate 
(Sigma, US), IX Dehardt, 0.01 % (w/v) of Ficoll type 400 (Pharmacia), 0.01 % 
(w/v) of Polyvinylpyrrolidone and 0.01 % (w/v) of bovine serum albumin, Fraction 
V (Sigma, US), 0.5 mg/ml of yeast tRNA, lM of DTT, 50 % (v/v) formamide 
(BDH, UK) and DEPC treated HjO. This buffer was then added at the end of the 
slide, parafilm was used to spread the hybridization buffer with the probe and cover 
slip was carefully laid on top of embryo sections. All the sectional samples were laid 
horizontally in racks. The moisture box containing sample slides was heavily soaked 
with 50% (v/v) formamide and 5XSSC (5 X SSC solution was diluted from the 
stock 20 X SSC containing 3 M NaCl and 0.3M sodium citrate at pH 7). All slides 
were then incubated ovemight at 55�C� 
2.10.5 Washing 
Coverslips were removed and the slides were rinsed in 50ml 5X SSC with 0.1% 
(v/v) P-ME. Slides were then placed in a slide rack and incubated in a trough 
containing 2X SSC for 30mins. After incubation, the slides were washed twice in a 
buffer solution containing 0.5M NaCl, lOmM Tris-Cl and 5mM EDTA for lOmins at 
room temperature. This was following by another wash of the same buffer at 37°C 
for 15 mins. A final rinse was carried out in fresh buffer containing 20^g/ml RNAse 
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at 37°C for 30 mins. After the RNAse treatment, the slides were then washed again 
• with fresh buffer (without RNAse) at room temperature. This was followed by two 
washes in 2X SSC as well as in O.lX SSC all at 2>TC for 15mins each. Dehydration 
of sections was carried out by quickly putting them through 30%, 60%, 80%, 95% 
EtOH containing 0.3M of ammonium acetate, followed by 100% ethanol twice. 
Slides were air dried and were exposed to the film ovemight. 
2.10.6 Emulsification and development 
After the slides were exposed, the following procedure was performed. The powder 
of Kodak NTB-2 was melted in the original bottle at 42°C in the dark or under red 
safelight. The melted emulsion was slowly poured into a large beaker containing 
118ml of0.6M NH4Ac. To avoid air bubbles, the solution was mixed gently before 
dispensing into 50ml conical tubes in 10ml aliquots. Tubes were wrapped in foil and 
stored in a light tight box at 4°C. 
On the day of use, the emulsion for coating slides was melted for 30mins at 42°C. To 
coat slides, the emulsion was transferred into a dipping chamber and the slides were 
dipped in the emulsion for about 10-15 seconds. Care was taken to avoid air bubbles 
from forming on the slides. Ten millilitres of emulsion were provided to coat for 35 
slides. Slides were allowed to stand vertically and left to dry. The dried slides were 
transferred to a light safe box with desiccant inside and were allowed to dry for 
another l-2hrs. The box was then sealed with tape, wrapped in foil and stored at 4�C. 
These slides were developed (the duration depends on different probes) after two 
weeks. The developer solution containing 15.8g of Kodakfix dissolved in 200ml of 
water. The fixer solution consisted of one portion of Kodafix and three portions of 
water. Slides were dipped into the developer solution for 2mins, then were washed 
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for lOsec in water. After this, they were dipped in the fixer solution for 5mins and 
rinsed with water. Subsequently, slides were passed through 0.1% (w/v) of toludine 
blue for 2 mins, then were rinsed with 70% EtOH followed by 100% EtOH rinse. 
Finally, they were washed with 50% (v/v) ethanol/xylene and were then rinsed with 
xylene twice. A few drops of permount were added on slides before covered with 
slips. 
2.11 DIG-label in situ hybridization of frozen section 
The 371 cDNA subclone was used in this experiment, the generation of both 
antisense and sense riboprobes has been described (Section 2.8.1). DIG-labelled in 
situ hybridization was performed using the method of Schaeren-Wiemers et al., 
1993. 
The solution used to transcription of DIG probe containing 11 ^1 of H2O, 4 |il of 5X 
transcription buffer, 2 ^1 ofDIG labeling mix, 1^1 ofl |ag DNA, 1.5jil of polymerase 
and 0.5 ^1 ofRNase inhibitor, was incubated for 2 hrs at 37°C. After the reaction, 30 
^1 of DEPC treated H2O and 150 jil of hybridization buffer were added into the 
mixture. 
For the preparation of tissue sections, embryos were placed directly in OCT tissue 
tek, then were frozen and cryostated sections. The embryo sections on SuperFrost 
slides (Fisher, US) were air dried for not longer than 3 hrs at room temperature (RT). 
Sections of embryo were then fixed in 4 % (w/v) paraformaldehyde/PB S for 10 mins 
at RT followed by three washes with PBS for 3 mins each. To acetylate the sections, 
the 0.75 ml acetic anhydride solution was added to O.lM of triethanolamine (Fluka, 
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Germany) at pH 7.5 and the solution was mixed well by dipping the slides several 
times. These sections were acetylated in the solution for 10 mins at RT. Samples 
were washed with PBS for 5 mins each. Slides were prehybridized with 500^il of 
hybridization buffer containing 50 % (v/v) formamide, 25 % (v/v) of 20 X SSC, 
0.5% (v/v) of 50 X Denhardfs (50 X Denhardt's reagent contains 1% Ficoll (Type 
400, Pharmacia), 1% of polyvinylpyrrolidone and 1 % bovine serum albumin 
(FractionV, Sigma)) 250 ^ig/ml of bakers yeast RNA and 500 ^ig/ml of ssDNA. 
Sections were incubated for two hours at RT in a horizontal humidified chamber 
consisting 5 X SSC. The prehybridization buffer was poured off and dabbed off the 
edges with paper towel to remove excess buffer. This buffer was then replaced with 
75 i^l hybridization solution with 500 ng/ml of DIG labeled riboprobe that has been 
heated at 80°C for 5 mins. Sections were covered by coverslips and were placed in a 
humidified chamber (5X SSC and 50 % (v/v) formamide) ovemight at 55�C. On the 
next day, slides were submerged in 5X SSC at 55°C, then coverslips were removed 
by forceps carefully. Slides were transferred into 0.2 X SSC at 55�C for 1-3 hrs, 
followed by 0.2 X SSC at RT for 5 mins. They were then transferred to buffer B1 
containing 0.1 M Tris pH 7.5 and 0.15 M ofNaCl for 5 mins at RT. One to two 
millilitres o f B l solution containing 10 % (v/v) of heat inactivated goat (or sheep) 
serum were placed on horizontal slides for 1 hr at RT. Anti-DIG antibody in 1 to 
5000 dilution in B2 solution containing 0.1 M Tris pH 7.5, 0.15 M NaCl of B1 
solution and 1 % (v/v) heat inactivated goat or sheep serum, was laid on each slide 
(0.5 ml) and placed in a humidified chamber at 4�C ovemight. Sections were then 
rinsed three times with B1. After the rinse, the embryo sections were equilibrated 
with B3 solution consisted of 0.1 M Tris pH 9.5 and 0.1 M NaCl and 50 mM 
MgC12. B4 solution (60^il -70^il) consisted of4.5 ]xl/ml NBT (75 mg/ml), 3.5 ^l/ml 
BCIP (50 mg/ml) and 0.24mg/ml levamisole diluted in buffer B3 was placed on the 
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slides which were then covered with slips. Incubation of slides was proceeded in 
humidified chamber in dark at RT for 8 hrs. Eventually, the reaction was stopped 
with TE at pH8. Slides were rinsed with water and air dried ovemight. Sections 
were dehydrated in a series of ethanol 30 %, 50 %, 70 %, 95 %, 100 % and then 
washed twice in xylene. Mounting solution was added on sections and covered with 
coverslips. 
2.12 H&E staining 
Paraffin wax sections containing mouse embryonic samples were dewaxed and 
washed two times for 5 min each in xylene (Merck, Germany). Sections were 
hydrated through a series of graded alcohol 100%, 95%, 70% alcohol and rinsed for 
3 min with water before staining in Harris Haematoxylin (Sigma, U.S.) consisted of 
0.5 % (w/v) of Haemetoxylin, 5% (v/v) of ethyl alcohol, 0.1% (w/v) of aluminum 
potassium sulphate (Merck, Germany), 0.25 % (v/v) of mercuric oxide (Merck, 
Germany) and 0.25 % (v/v) of glacial acetic acid for 7 min. Sections were rinsed in 
tap water and differentiated in 1% (v/v) acid alcohol for seconds. Samples were 
rinsed in tap water and dipped in Scott's tap water containing 0.2 % (w/v) of 
potassium bicarbonate (Merck, Germany) and 2% (w/v) of MgS04.7H20 (Sigma, 
US) for 3 min and were then rinsed in tap water again for 2 min. One percentage of 
Eosin solution was used to stain samples for 5 min. After sections were briefly 
rinsed in tap water, sections were dehydrated in a series of alcohol 70%, 95%, then 
in 100% alcohol two times for 3 min and 5 min separately. Sections were finally 
cleared with xylene two times for 3 and 5 min each and were mounted with 
permount (Fluka, Germany). 
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CHAPTER 3 
RESULTS AND DISCUSSION 
3.1 Synthesis ofTbc3 probes for use in the section and whole mount 
in situ hybridization. 
3.1.1 Synthesis of the Tbc cDNA by RT-PCR method 
Result 
The first strand cDNAs of Tlxl, Tlx2 and Tlx3 were synthesized by reverse 
transcription after RNA extraction from 13.5 dpc embryos. PCR was then 
performed. Three sense primers and one degeneracy antisense primer 5' AAG 
GA(G/C/T) GTG CGC GGC TTC 3' corresponding with the exon 2 of Tlx gene was 
used. Three sets of Tlx cDNAs were generated from RT-PCR (Section 2.4). The 
sizes of Tlxl, Tlx2 and Tlx3 cDNA were expected to be about 550bp, 475bp and 350 
bp, respectively (Appendix 5). Twenty-seven cDNA clones were obtained after the 
ligation ofRT-PCR products into the Bluescript® II KS plasmid. These clones were 
then cut by Bam HI and EcoRI. (Fig. 1). The expecting Tlx clones {Tlxl, Tlx2 and 
Tlx3) were illustrated to contain two bands of the cDNA and Bluescript® II KS 
plasmid (3 Kb) (Fig. 1). Lane 1 to lane 8 were expected to be Tlxl clones. However, 
the first two lanes contained no plasmid and lane 5 to lane 6 contained three bands. 
Clones in lane 3 to lane 8 were found to be not related to Tlxl cDNA because their 
sizes were over 550bp. Lane 9 to lane 15 were expected to be Tlx2 clones. 
Nevertheless, there were no insert shown on lane 9, 10，13 and 14. Lane 16 to 27 
were expected to be Tlx3 clones and the plasmid on lane 24 was found to be uncut. 
Subsequently, the cDNA clones on lane 3, 4, 11, 17 and 19 were sequenced and 
were found to be not corresponding to any Tlx genes. 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ E ^ ^ 3 i ^ ^ ^ ^ ^ ^ ^ ^ ^ H < - 3Kb 
r ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ H j | ^ ^ ^ H ^ —837bp 
Q P | P | ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 2 | j ^ ^ ^ Q —603bp 
F^^^gM^^||^^^^^^^KKK|M^^^^^^^^^^^^K^^^^^^^^^^^^^^ <~310bp 
27 26 25 24 23 22 21 20 19 M 
^ ^ ^ ^ H H H I I I I I I I I I ^ Z 8 3 7 b p 
p i p i p i ^ m p i p i p i i p m — 6 0 3 b p 
^ ^ ^ ^ ^ ^ ^ ^ ^ D L J y Q ^ 3 1 0 b p 
Fig.l The RT-PCR products were cloned in Bluescript II KS plasmid and 
were digested with EcoRI and Bam HI. The top bands, about the size of 3 Kb, 
were the Bluescript II KS plasmid and the bottom bands with various sizes 
were cDNAs obtained from RT-PCR. M represents the c|>X174/Hae III 
marker. Lane 1 to lane 8 were expected to be Tlxl clones, lane 9 to lane 15 
were expected to be Tlx2 clones and lane 16 to 27 were expected to be Tlx3 
clones. However, none belonged to any Tlx clone. 
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Discussion 
The purpose for doing this experiment was to generate three Tlx cDNA including 
Tlxl, Tlx2 and Tlx3 cDNA. The 13.5 dpc embryos were chosen in this experiment 
because the expression of Tlx-l has been reported at 13.5 dpc (Cheng et al., 1993 
and Raju et al., 1993) and the Tlx3 was also found to be expressed at 14.5 dpc (Dr. 
SH Cheng, CUHK, Hong Kong). The primer sequences spanned on two exons of the 
Tlx genes (Section 2.4.1) were used to distinguish the synthesized products from the 
transcripts or genomic DNA. If the RT-PCR products were synthesized from 
genomic DNA, the size of the products would be much bigger than the expecting 
size of cDNA. Unfortunately, all the RT-PCR products were found to be unrelated to 
Tlx. The failure of the experiment might be caused by many reasons. The low 
abundance of Tlx transcripts might affect the production of Tlx cDNA by RT-PCR 
(Rolfs et al., 1992). Non specific amplification might be caused by the sub-optimal 
levels of magnesium chloride. The insufficient Tlx clones obtained from the ligation 
might be caused by low amounts of RT-PCR products. Due to the insufficient time 
in Canada, I could not repeat this experiment. When I returned to Hong Kong, I 
proceeded to use the Tlx2 genomic DNA ^)repared Mr. K.M. Pang) for further 
experiments. 
3.1.2 The Tbc3 genomic clone for detecting the developmental expression of 
Tbc3 by Northern Blot 
Result 
Sequencing of 5，region and 3 ’ end of a genomic clone 
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A newly synthesized genomic clone was obtained (a kind gift from Mr. KM Ping 
and Dr. SH Cheng). It contained a part of intron 2，exon 3 and a 3, untranslated 
region with a length of about 0.5 Kb. The sequence of this Tlx3 genomic clone was 
found by using the T7 sequencing method (Section 2.4). The genomic sense 
sequence at the 5，end region using the T3 primer was 5, CCA GTG CGT GAC 
GGT GCT GTC CCT CTC CCT CCC C 3,. This was expected to be the intron 
sequence. The continuing sequence including 5' GGG TGC AGG CGG CAG ACG 
GCG GAG GAG CGG GAG GCG GAG CGG CAG CAG GCG AGC CGG CTC 
ATG CTAC AGC TGC AAC ACG ACG CCT TCC AGA AGA GCC TCA ACG 
ATT CCA TCC AGC CCG ACC CGC TC 3，was found to be the exon 3 (Fig. 2). 
The genomic sense sequence at the 3, region using T7 primer was read as 5, GGC 
CCC CCC TCG AGG TCG ACG GTA TCG ATA AGC TTG ATA TCG AAT CCT 
GCA GCC CGG GGG ATC CAC TAG TTC TAG AGC G 3' (Fig.3). This sequence 
belonged to part of the Bluescript II KS plasmid and was followed by the insert 
sequence 5' CTA CGG ATC GCT GCC CCC ACC AGG CGG GGC GTC CGG 
GTC CCC CAG CCG GGC TGG GAA GGG AAG CTG GGC CGA GAA GGG 
TAG GGC GGC CCG ACT CGC GTG GGT CTT GGG GCG CGC CGC ACA 
GCG CCG GCC GCG GAG AGG GGC TG 3'. This sequence was found to be not 
corresponding to any Tlx3 sequence in the GenBank, but possibly the 3’ untranslated 
region. This clone was used as the probe for the Northern blot. 
Expression ofTlx3 in mouse embryos by Northern hybridization 
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Total RNA was extracted from the embryos and other specific organs. These 
included the whole mouse embryos at 7.5 dpc, 9.5 dpc, 11.5 dpc, 13.5 dpc, 14.5dpc, 
15.5 dpc, 17.5 dpc, spinal cord at 12.5 dpc and brain at 14.5 dpc. The RNAs were 
run on agarose gel (Fig. 4). All the RNA were in good condition except the RNA of 
mouse embryos at 9.5 dpc (lane 2) appeared degraded. The probe for hybridization 
was a portion of the Tlx3 clone which was cut by enzyme Apa I. This DNA was 
used to produce the radiolabeled DNA probe using the Megaprime™ DNA labeling 
system (Amersham, UK). After exposing the filter to the X-ray film for two days, 
the lane containing the RNA of the spinal cord at 12.5 dpc showed a band of Tlx3 
expression (Fig. 5) with the size between 1.35 to 2.37 Kb. In order to detect other 
weaker Tlx3 signals, the filter was exposed for another ten day (data not shown). 
However, the result was the same as the earlier one. The lane containing RNA of 
spinal cord at 12.5 dpc was the only lane showing Tlx3 expression. 
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Fig.2 Two gel pieces showing the sense sequence of Tlx3 genomic 
clone at 5, end region. Reading of the gel was started from the left 
to the right and from the bottom upwards. The sequence at the 
beginning was expected to be an intron 2 and the continuing 
sequence was found to contain exon 3. 
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Fig.3 Two gel pieces showing the sense sequence at the 3, end 
of the Tlx3 genomic clone. Reading of the gel was from left to 
right and from the bottom up. On the left side of the gel was the 
vector sequence of Bluescript II KS plasmid. As the reading 
continued, the sequence would reach the insert which is shown 
on the right hand side of the gel. 
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Fig.4 Total RNA from various embryonic stages and tissues were 
detected on the agarose gel. Lane 1, 7.5 dpc; lane2, 9.5 dpc; lane 3, 11.5 
dpc; lane 4, 13.5 dpc; lane 5, 14.5dpc; lane 6, 15.5 dpc; lane 7，17.5 dpc; 
lane 8, spinal cord at 12.5 dpc and lane 9, brain at 14.5 dpc. All RNAs 
were found to be in good condition except the one in lane 2 appeared 
degraded. 
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Fig.5 The developmental expression of Tlx3 RNA on embryonic 
mice as detected by Northern blotting. RNAs were extracted from 
different tissue and embryonic stages of the mice, and were 
transferred to the membrane. Eight lanes containing RNA were on 
the blot. These included different stages of embryonic tissue; lane 
1, 7.5dpc; lane 2, 11.5dpc; lane 3, 13.5 dpc, lane 4, 14.5 dpc; lane 
5, 15.5 dpc; lane 6, 17.5 dpc, lane 7，spinal cord at 12.5 dpc and 
lane 8, brain at 14.5 dpc. M represents the RNA marker. The 
Northern blot showed only one band on the lane containing RNA 




The genomic clone was used for hybridization as we have confirmed that it 
contained the exon 3 sequence of 77x5. The initial part of the 5, region sense 
sequence, 5, CCA GTG CGT GAC GGT GCT GTC CCT CTC CCT CCC C 3,, 
could be the intron 2 sequence because this did not contain exon 2 and any vector 
sequence. The nucleotides followed by this sequence were found to be 100% 
identical to exon 3 of Tlx3. The sense sequence of 3，could be the 3’ untranslated 
region which was not published in the GenBank. 
The Northern hybridization showed that the 12.5 dpc spinal cord expressed a high 
level of Tlx3, One RNA band of molecular weight between 135 to 2.37 Kb was 
observed. Even though only one lane had Tlx3 expression, we could not ruled out the 
presence at other stages of low levels of Tlx3 in the whole embryos as this method 
may not be sensitive enough to detect small amount of mRNA expression. 
3.1.3 The characterization of the Tbc3 cDNAs and the sonic hedgehog 
cDNA 
Result 
Tlx cDNA clones (a kind gift from Dr. Cheng) including 371, 381，401，404, 432 and 
362 were obtained from a 10 dpc mouse embryo cDNA library in AEXlox® vector 
QSfovagen, US) and were characterized for use in the in situ hybridization ofmouse 
embryos. These clones were sequenced using the T7 sequencing method and several 
primers (Section 2.5). The clones 401, 371，362 and 381 were nearly 100% 
homology to 77x3. Subsequently, the 371 clone was chosen for the further analysis. 
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The sequencing of the 5 ‘ and 3 ‘ regions of the 371 clone 
The 5，region of cDNA sense sequence as read by the T3 primer is shown in Fig.6. 
The first few nucleotides, 5’ GGA TCG AAT TC 3，，at the 5，region are found to be 
a sequence related to a part of pEXlOX (+) vector. The sequence, 5, AAG CGA 
GGC GCC GGG CC(G/T) CCA TGG CCG CGC GTA ACG GGG ACC CAG CAG 
CCT CCC CGC CCA GCC CAG CCC AGC CC 3，, was then followed. This 
sequence could be part of the 5，untranslated region, which is not reported in the 
GenBank. Since one of the nucleotides within this sequence was found to be unclear, 
the two possible nucleotides instead of one were written in the parenthesis. 
Subsequently, the sequence, 5' TTC CGC CCG CCC 3’ was followed and was 
found to be the first few nucleotides of exon 1 of Tlx3. 
The sequence of the 3’ region was confirmed by both T7 sequencing and cycle 
sequencing (Section 2.5 and 2.6). The cDNA sense sequence was read as 5’ CCC 
CGC ACC CGC ACC CCC GGC TGG GCG CCT GTA TTA TAC TTT GTA CTT 
TTG CCC AAA CGT GTA AAT AAT AAA AGT TTT GGC TTT TTT CTT TAG 
AAA CCG GCC ACC TGC TTC TGC GGG GCC GCT GGA GGA GGG GCA 
ACC GAC CCG GGC GTC TGG GGG AAG CGT GTG GGG CCG GGG CGA 
CCC AGC GTT TAG GCT GGG TGC ACG CCT CTC CTT TTC CGT TCC TTT 
TAT TTA AGT CGT TTT ATT TAA TAA AAA GTT AGC TAT TTC ACT TAA 
TGC C 3’（Fig.7). A SmaI site was found in the sequence underlined. Using the 
cycle sequencing method, the first gel piece illustrated the compressed 'GC' region 
on the top (Fig.7). The other two gel pieces were performed using the T7 sequencing 
method and the SmaI site was showed in the middle gel. 
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The sequencing of exon 2 of the 371 clone using two primers 
To confirm the 371 clone, the cDNA sequence was read by T7 sequencing procedure 
with the sense primer 5' GGC CAT CCC TAC CAA AAC 3’ ofthe 5’ end region of 
exon 2 of Tlx2. This primer is 90 % identical to the corresponding Tlx3 sequence 
and its cDNA sense sequence was 5’ GAT CTG TGA GCT GGA AAA GCG CTT 
CCA TCG CCA AAA GTA CCT GGC CTC GGC CGA GAG GGC GGC GCT 
CGC AAA GTC CCT CAA AA 3'. The antisense primer 5, TCG GTT CTG GAA 
CCA GGT CTT GAC 3’ corresponded with the 3，end of exon 2 of Tlx2 and its 
cDNA sense sequence is 5, ACG CCA CCC AAG CGT AAG AAG CCG CGC 
ACG TCC TTT TCC CGG GTG CAG ATC TGT GAG CTG GAA AAG CGC TTC 
CAT CGC CAA A 3YFig.8). The corresponding regions of both sequences were 
underlined. 
The generation ofTlx3 cDNA subclone 
The 371 cDNA clone was cut with SmaI. The SmaI sites did not appear in the 
pEXlOX (+) vector but within the cDNA (Fig.7 and Appendix 3). Two cDNA with 
the lengths of 0.4 Kb fragment and between 0.63 and 0.72 Kb fragment were 
obtained. The 0.15 Kb fragment was run out of the gel (Fig.9). The longer one was 
inserted into Bluescript® II KS plasmid to generate the shorter Tlx3 cDNA subclone 
(Section 2.4). This new cDNA subclone was found to contain the sequence of exon 3 
to the 3' untranslated region. This latter subclone was used for in situ hybridization 
of mouse embryos at different stages of development. 
The sequencing ofSHH 
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To confirm the 5'ffi/plasmid clone (a kind gift from Dr. C. C. Hui), the T7 primer 
was used to read the plasmid sequence and its sequence was found to contain the 3’ 
region of SHH. The arrow showed in Fig. 10 indicated the sequence direction ofthe 
insert initiated at 3’ cDNA sense sequence and it was read as follows, 5’ CGC GTG 
CTG GCG GCT GAC GAC CAG GGC CGG CTG CTG TAC AGC GAC TTC 
CTC ACC TTC CTG GAC CGC GAC GAA GGC GCC AAG AAG GTC TTC 3,. 
On the other direction of the SHH, a T3 primer was used to detect the 5' region of 
SHH. The arrow showed in Fig.ll indicated the sequence direction of the insert 
starting at 5，cDNA sense sequence and it was read as follows: 5' GCT GAC CCC 
TTT AGC CTA CAA GCA GTT TAT TCC CAA CGT AGC CGA GAA GAC CCT 
AGG GGC CAG CGG CAG ATA TGA AGG GAA GAT CAC AAG AAA CTC 
CGA ACG ATT TAA GGA ACT CAC CCC CAA TTA CAA CCC C 3,. The 
length of SHH cDNA was found to contain about 0.6 Kb. 
* 
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Fig.6 Tlx3 sequence of the 371 clone showing the sense 
sequence at the 5, end region. Reading of the gel began from the 
left to the right side and the initial sequence from the bottom up. 
Two gel pieces showed the sense sequence at the 5，region. The 
sequence contained the vector pEXlOX (+) vector, followed by 
the 5’ end untranslated region (UTR) and exon 1. 
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Fig.7 The Tlx3 sequence of the 371 clone containing the 3, untranslated 
region. Three pieces of gel sequence are showed on the picture. Reading 
of the gel was started from the left to the right and from bottom up. The 
sequence was found to contain many GC and AT rich area. The first gel 
piece on the left side was done by using cycle sequencing method and 
the top of the sequence appeared to be compressed. The other two gel 
pieces on the right were done by T7 sequencing method. The location 
indicated with ,S' was the SmaI site. 
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Fig.8 The 371 clone containing Tlx3 cDNA. The 371 clone 
was confirmed to contain Tlx3 cDNA with their sequence 
only at the 5' end region. Therefore, the antisense primer 5' 
TCG GTT CTG GAA CCA GGT CTT GAC 3' was used to 
detect the exon 2 of the Tlx3 sequence and its sequence is 
shown on the left side of the gel. The sense primer 5' GGC 
CAT CCC TAC CAA AAC 3' was also used to detected the 
exon 2 but at an other position and its sequence is shown on 
1 right hand side, 
i I s-t " fi 1 r . ip". 
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Fig.9 The 371 clone was obtained by library screening of 10.5 dpc 
mouse embryo and was cut with SmaI, and Bluescript II KS plasmid 
was also cut with SmaI. Lanel showed the DNA marker of (j>X174/Hae 
III. Lane 2 shows DNA marker of A/Hind III. Lane 3 showed DNA 
marker of c^X174minf I. Lane 4 contained the 3.95 Kb AEXlox® 
vector, and two fragments from the 371 clone. One was between 0.63 
and 0.72 Kb with the other one was 0.4 Kb. Lane 5 showed the 
Bluescript II KS plasmid in a linear condition after it was cut with 
SmaI and this plasmid was ligated with the fragment between 0.63 and 
0.72 Kb obtained from 371 clone. 
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Fig.lO The sense sequence of SHH cDNA at the 3’ end region. 
The reading was started at the left side from the bottom to top 
and the beginning of insert sequence was indicated by the 
arrow on the left hand side. 
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Fig.ll Two gel pieces showing the sense sequence of SHH at 5’ 
end region. Reading started from the left to the right and the initial 
sequence from the bottom up. The arrow pointing downward on the 
left side was expected to be vector sequence. The arrow pointing 
upward on the left side was SHH sequence. 
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Discussion 
Two primers were designed from the conserved regions of Tlx2 which was 90 % 
homology to TlxS. None of the final clones was found to belong to Tlx2. Our result 
showed that the 371 clone belonged to Tlx3. Since a long probe might affect its 
penetration to the tissues of embryos and increase the non-specific background 
(Schaeren-Wiemers, et al, 1993), a shorter probe was also prepared for in situ 
hybridization studies and the 371 clone was cut with SmaI. The fragment with the 
size between 0.63 and 0.72 Kb was subsequently used as the Tlx3 probe. Finally, this 
subclone was used to make the probe for the frozen section and whole mount in situ 
hybridization (Section 3.2.3 and 3.3). We could not fmd any corresponding Tlx3 
sequence at the 3' region which is related to GenBank. We have sequenced a portion 
about 0.3 Kb of the Tlx3 gene at the 3' untranslated region which has not been 
reported in the GenBank. The SHH plasmid sequence was confirmed by T3 and T7 
primers. The SHH was used as a control for the technique of whole mount in situ 
hybridization. 
3.2 Section in situ hybridization using different probes 





The Pax-2 cDNA clone was kindly provided by Dr. S.H. Cheng (CUHK, Hong 
Kong). The Pax-2 cDNA (0.5Kb) inserted in Bluescript® II BS was used to 
transcribe the radiolabeled riboprobe for the section in situ hybridization (Section 
2.10.3). Pax-2 expression was found on the sections at 11.5 dpc, 12.5 dpc and 14.5 
dpc. 
The sections hybridized with the Pax-2 antisense probe showed expression at the 
neural tube of 11.5 dpc (Fig.l2) and 12.5 dpc embryos (Fig.l3). The expression of 
Pax-2 was also shown on the perimeter of the kidney besides the neural tube at 14.5 
dpc (Fig.l4 and 15). However, the internal organs contained some non-specific 
bindings on most of these sections. The section with the negative control (sense 
probe) at 14.5 dpc was not shown in the results as it was kept in the laboratory in 
Canada for another study. As the result, the Pax-2 riboprobe was found to be 
working well on paraffin wax sections. 
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Fig.l2 The longitudinal sections of mouse embryos at 11.5 
dpc. 
a.) Embryo sections were hybridized with Pax-2 antisense 
riboprobes and the expression was located on the neural 
tube (arrow). 
b.) Embryo sections showing no hybridization with Pax-2 
sense riboprobes. 
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Fig.l3 The longitudinal sections of mouse embryos at 12.5 dpc. 
a.) Embryo sections were hybridized with Pax-2 antisense riboprobes 
and expressions were located on neural tube (arrow). 
b.) Embryo sections showing no hybridization with Pax-2 sense 
riboprobes. 
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Fig.l4 The longitudinal sections of mouse embryos at 
14.5 dpc. 
Embryo sections were hybridized with Pax-2 antisense 
riboprobes and the expression was shown on the neural 




〒 , : , 釋 
！ _ 聽 
I ‘‘ ^ * ^ ^ - � " ” ：亭‘“〜？〜气、、、.：、?�� 
丨 、 _ 
: ; ¾ ' " ' : • ‘ . '> 
: � h > '. 麽、'''"- 、， '.-5»"'»- "•� •‘ ‘ ‘ 'iK-^i%- • >^ • 、,，>• , 
‘ V , ' !<“r:、‘”、�” 、 
Fig.l5 The longitudinal sections of mouse embryos at 14.5 
dpc. 
a.) Embryo sections were hybridized with Pax-2 antisense 
riboprobes showing on the neural tube (arrow). 




The homeobox gene, Pax-2, was found to be expressed in developing kidney, optic 
cup, otic vesicle and other parts of the central nervous system (Gmss et al., 1992). 
We used the Pax-2 cDNA as positive control for our techniques on the radioactive 
labeled of section in situ hybridization. 
In our result, Pax-2 cDNA was found to be involved in specific tissue development 
of the perimeter of kidney and the same result has been reported (Dressier et al.， 
1990 and Rothenpieler et al., 1993). In addition, the expression of this gene was also 
shown on the neural tube at 11.5 dpc, 12.5 dpc and 14.5 dpc, and this expression has 
also been reported ^sfomes et al., 1990). Some sections seemed to have no Pax-2 
signal on the kidney at 14.5 dpc. It was because that particular tissue was not 
contained in the section. 
3.2.2 The transcribed riboprobes of Tbc genomic clones were used to hybridize 
the section in situ hybridization. 
Result 
Tlx2 genomic clone 
For the section in situ hybridization, the radiolabeled sense and antisense probes 
were transcribed from the Tlx2 genomic clone (Section 2.9). Non-specific bindings 
were found on the internal organs of embryo sections at 12.5 dpc and 14.5 dpc 
(Fig.l6 and 17). This experiment was repeated for several times. Nevertheless, 
results were found to have the same. At 15.5 dpc, sections were found to be no 
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hybridization with Tlx2 sense and antisense riboprobes but some background on the 
sections was observed (Fig.l8). 
Tlx3 genomic clone 
The transcribed radiolabeled riboprobes of Tlx3 including sense or antisense 
riboprobes were used for section in situ hybridization and signals were found on the 
internal organs at 12.5 dpc 14.5 dpc (Fig.l9 and 20). At 15.5 dpc, sections were 
hybridized with the sense and antisense riboprobes but some non-specific bindings 
were found on the abdominal region especially the ones hybridized with antisense 
probes (Fig.21). 
Afterward, the sample slides treated with sense and antisense probes of Tlx2 and 
Tlx3 were stained with toluidine blue (section 2.10.6) during the staining procedure. 
Places containing or non-specific binding were shown to have silver colour localized 
on the hybridizing position. This appearance can be observed under microscope in 
the darkfield. Tlx2 and Tlx3 clones appeared to be not suitable for this experiment. 
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Fig.l6 The longitudinal sections of mouse embryos at 
12.5 dpc. 
a.) Embryo sections showing no hybridization with 
Tlx2 antisense riboprobes but some non-specific 
bindings on internal organs. 
b.) Embryo sections showing no hybridization with 
Tlx2 sense riboprobes but some non-specific 
bindings on internal organs. 
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Fig.l7 The longitudinal sections of mouse embryos at 14.5 
dpc. 
a.) Embryo sections showing no hybridization with Tlx2 
antisense riboprobes but some non-specific bindings on 
internal organs. 
b.) Embryo sections showing no hybridization with Tlx2 
sense riboprobes but some non-specific bindings on 
internal organs. 
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Fig.l8 The longitudinal sections of mouse embryos at 15.5 
dpc. 
a.) Embryo sections showing no hybridization with Tlx2 
antisense riboprobes but some non-specific bindings. 
b.) Embryo sections showing no hybridization with Tlx2 
sense riboprobes but some non-specific bindings. 
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Fig.l9 The longitudinal sections of mouse embryos at 12.5 dpc. 
a.) Embryo sections showing no hybridization with Tlx3 antisense 
riboprobes but some non-specific binding on internal organs. 
b.) Embryo sections showing no hybridization with Tlx3 sense 
riboprobes but some non-specific binding on internal organs. 
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Fig.20 The longitudinal sections of mouse embryos at 14.5 
dpc, 
a.) Embryo sections showing no hybridization with 
Tlx3 antisense riboprobes but some non-specific 
bindings on internal organs. 
b.) Embryo sections showing with no hybridization with 
Tlx3 sense riboprobes but some non-specific 
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Fig.21 The longitudinal sections of mouse embryos at 15.5 
dpc. 
a.) Embryo sections showing no hybridization with Tlx3 
antisense riboprobes but some non-specific bindings on 
abdominal regions. 
b.) Embryo sections showing no hybridization with Tlx3 sense 
riboprobes but some non-specific bindings. 
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Discussion 
Section in situ hybridization was used to study the spatial and temporal expression 
of the genes. Most of sections seemed to be hybridized with Tlx2 and 77x5 
riboprobes. However, similar pattem was also observed with the control sense probe. 
This background on the sections especially on the abdominal region might be due to 
the stickiness of riboprobes (Angerer et al., 1992). Another possible weakness of 
using paraffin sections is the exposure of the embryos to a relatively high 
temperature (around 65°C) during the embedding procedure. This could result in the 
denaturing or degrading of some RNA transcripts. With the present results, we 
decided that these Tlx2 and TIx3 clones were not suitable for section in situ 
hybridization and thus proceeded to the study of expression of these genes in frozen 
section. 
3.2.3 The in situ hybridization of frozen sections of mouse embryos using the 
transcribed riboprobes from Tbc3 cDNA subclone 
Result 
The frozen section in situ hybridization was performed from 12.5 dpc to 14.5 dpc. 
The Tlx3 expression was detected on longitudinal section of mouse embryo at 12.5 
dpc and was found to be located at the dorsal root ganglia on the caudal region ofthe 
embryo (Fig.22). On the longitudinal section at 13.5 dpc, the expression pattem of 
Tlx2 was observed at the dorsal root ganglia and spinal cord (Fig.23). Unfortunately, 
this part of frozen section was scratched. The more close-up observation on the 
transverse frozen section at 14.5 dpc showed that Tlx3 was found to be expressed on 
both the ventral and dorsal homs of the mantle layer (grey matter) but not on the 
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marginal layer (white matter) (Fig.24). In addition, the Tlx3 expression was 
displayed on the dorsal root ganglia on the same section. Moreover, the Tlx3 
expression was also observed at the roof of the neopallial cortex (future cerebral 
cortex) at 14.5 dpc (Fig.25). The sections hybridized with sense probes were found 
to have no background but with tiny non-specific binding around the rim of the 
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Fig.22 The longitudinal section showing Tlx3 expression on the 
dorsal root ganglia at 12.5 dpc. a.) At 12.5 dpc, Tlx3 expression was 
observed on dorsal root ganglia indicated by the arrow, b.) The close-
up view of a. Original magnification : a x 20, b x 40. 
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Fig.23 The Tlx3 expression was showed on the dorsal root ganglia 
and the mantle layer of the spinal cord on the longitudinal section at 
13.5 dpc. The arrow points at the mantle layer of the spinal cord and 
the half arrow points at the dorsl root ganglia. Original magnification 
x20. 
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Fig.24 Tlx3 was expressed on the dorsal root ganglia and the 
mantle layer of spinal cord on the transverse frozen section at 14.5 
dpc. The close-up view on the 'H' shape of the mantle layer 
showed Tlx3 expression and the dorsal root ganglia indicated by an 
arrow also showed the Tlx3 expression. Original magnification x 
100. 
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Fig.25 The transverse section showing the Tlx3 was expressed at the 
neopallial cortex at 14.5 dpc. Two half arrows indicated the 
expression of Tlx3 at 14.5 dpc. Some mild signal or background 
appeared at the outer regions, m indicates midbrain and p represents 
pineal primordium (epiphysis). Original magnification x 100. 
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Discussion 
Tlx2 and Tlx3 genomic clones were used to generate the probes for in situ 
hybridization. However, these probes were found to be not suitable for the section in 
situ hybridization (Section 3.2.2). Finally, one of the Tlx3 cDNA clones, 371, was 
obtained from the 10 dpc mouse embryonic cDNA library. Part of its cDNA was cut 
and was subcloned into the Bluescript (Section 3,1.3) to make the other Tlx3 cDNA 
clone. This new Tlx3 cDNA subclone was employed for all experiments of in situ 
hybridization. 
All the frozen sections hybridized with the Tlx3 antisense showed some background 
staining. The appearance of background was also found in embryo sections 
hybridized with Tlx3 antisense probe in whole mount in situ hybridization (Section 
3.3.2). However, the sense probe did not show any background. The antisense probe 
was probably more sticky and thereby displayed more non-specific binding. 
Tlx3 was found to be expressed in the ganglia. As we understand that the neural crest 
cell develops to all the ganglia (Kaufman, 1992), Tlx3 is possibly involved in neural 
crest cell development. Moreover, the Tlx3 expression was also demonstrated on the 
“ H ” shape of mantle layer on the transverse frozen section and its expression 
appeared on the cerebral cortexes of the cerebral hemispheres. Since the surface 
layer of grey matter of the cortexes contains motor cells and sensory neurons, this 
result enhanced the suggestion that Tlx2 might be important for the development of 
the nervous system. 
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3.3 Expression pattern of Tlx3 on whole mount embryos using both 
cDNA and genomic probes 
3.3.1 The expression of Tbc3 on whole mount in situ hybridization of the 
mouse embryos using the antisense probes from the Tlx3 genomic 
clone. 
The Tlx3 expression pattern at 8.5 and 9.5 dpc 
This study was started at the embryonic stage of 8.5 dpc. However, the Tlx3 
expression was not found in any embryos at this stage (Fig.26). At 9.5 dpc, some of 
embryos had Tlx3 expression only on the facioacoustic ganglia (Fig.27). This 
complex appeared to be one population. Other embryos had expression on 
facioacoustic ganglia in addition to the glossopharyngeal ganglia, vagus and 
trigeminal ganglia (Fig.27). However, the trigeminal ganglia complex showed 
blurred signal of Tlx3 (Fig.27). The otic vesicle showed strong signal. However, it is 
possible that some non-specific binding occurred at this stage. 
The Tlx3 expression pattern at 10.5 dpc 
When the embryos were increasing in their size to 10.5 dpc, the trigeminal ganglia 
had very discrete Tlx3 expression (Fig.28a and 28b). The facioacoustic ganglia also 
showed the Tlx3 expression obviously on two separated populations (Fig.28a and 
28b). The size of the glossopharyngeal ganglia was gradually increased as the 
embryo grew. The vagus ganglia showed Tlx3 expression at the dorsal to 4/6 
branchial arches. Tlx3 expression was shown on the dorsal root ganglia and was 
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more up-regulated on the anterior than the posterior region of the embryo (Fig.28a). 
At this stage, the blurred Tlx3 expression was shown at the junction of 
mid/hindbrain. The continuous expression was possibly from the rhombomere 6 (r6) 
down to the caudal part of neural tube. There were two pairs of strands expressed on 
the dorsal of embryo (Fig.28a). One pair was believed to be connected from the 
rhombomeres r6 down to the posterior region of the embryo, the other pair of the 
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Fig.26 The dorsal view of mouse embryo at 8.5 dpc (10 
somites). No Tlx3 expression was found on the embryo, a was 
anterior region and p was the posterior region. 
110 
"^^MM|^M^M||^^^EM|MW^,-^--^=當‘ ’“―'^ ^^ z^^ r^ ''Yy^ w^‘ » _ 
» ^ ^ ^ H I ^ s ^ ^ ^ & : - I 
^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ i i l ^ ^ ^ — ^ ^ ^ ^ - ’ , 
^ ^ ^ H B B i ^ ^ ^ 」 
^ ^ ^ ^ ^ m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ' 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ： 、 ： 
^^m^^^^ . 
^ H K ^ - ^ ^ ^ ^ ； ‘ 
^^KK^y.�. " ^ ^ ^ f c ^ - - - . 
^ ^ ^ ^ ^ 8 ^ ^ . 广 - ^ w g ; * ^ , r 
^ ^ ^ ^ — �- ; T ^ ^ * 
B W I ^ K : . r �' ^ ^ ^ ^ ^ . - 一 
‘：、 • ^  • _ ^ t ^ ^B 
b .• � � ^ ^ j 
- - ^ ^ f e ^ - � -' ^ ^ H i H ^ f e ^ ^ ' •二 " ^ ^ ^ ^ | ^ | | | ^ ^ ^ H I 
_d4MB^ ^^ ^ 一 ^^^KK^^^Ktmm ^r^'^B^|^HIH^^^^H 
i '-.^ , ^ r ^ ^ l ^ H H 
「 ’ ^ n ^ ^ O T 
" ^ ^ ^ ^ ^ ^ ^ \ — . x ^ ^ ^ ^ ^ ^ f l 
• _ : : ^ ^ ^ ^ B 
-• . � - I •'. 7 ^ ^ i r l ^ l ^ ^ M i i W ^ ^ M i 
Fig.27 a. The lateral view of mouse embryo at 9.5 dpc (21 somites). 
The Tlx3 expression showed on the facioacoustic ganglia was indicated 
by arrow and some non-specific binding was showed on the otic 
vesicle. 
b. The lateral view of mouse embryo at 9.5 dpc (21 somites )• 
The trigeminal (arrow), facioacoustic (small arrow), glossopharyngeal 
(half arrow) and vagus ganglia (arrowhead) had Tlx3 expression and 
the otic vesicle possibly with non-specific bindings. The trigeminal 
ganglia expressed blurred Tlx3 signal. 
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Fig.28 a. The lateral view of mouse embryo at 10.5 dpc (36 somites). Tlx3 
expression is showed on the trigeminal (white small arrow), facioacoustic 
(half arrow), glossopharyngeal (small arrow), vagus ganglia (arrow head). 
Tlx3 was expressed at dorsal root ganglia (big arrow) and two strands of Tlx3 
expression (white arrow) were also shown on the dorsal of the embryo trunk. 
In addition, the blurred Tlx3 signal (arrow) appeared to be located at mid/hind 
brainjunction. 
b. The anterior dorsal view of the mouse embryo's head at 10.5 dpc. 
The trigeminal (arrow) and facioacoustic ganglia (half arrow) showed Tlx3 
expression and the otic vesicle showed possible non-specific binding. 
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Discussion 
In situ hybridization was performed from the embryonic stage of 8.5 dpc. However, 
the Tlx3 expression was not found in any embryos at this stage. At 9.5 dpc, some of 
the embryos had Tlx3 expression only on facioacoustic ganglia. This group of 
embryos, possibly at early 9.5 dpc appeared younger than the ones with Tlx3 
expression on different regions including trigeminal, facioacoustic, glossopharyngeal 
and vagus ganglia. The expression pattem showed on these ganglia has been 
reported (Roberts et al., 1995). Some non-specific binding was observed on the otic 
vesicles of embryos at 9.5 dpc and 10.5 dpc. In addition, some blurred Tlx3 signal 
was found on the trigeminal ganglia and midMndbrainjunction at 9.5 and 10.5 dpc, 
respectively. Some of embryos appeared to show expressions. However, the 
expressions were inconsistent and we considered them as non-specific bindings. It 
was shown that some of these vesicles easily trapped the riboprobe during whole 
mount in situ hybridization (Dear et al., 1995). This result further persuaded us to 
find a new Tlx3 cDNA for the in situ hybridization. Finally, using the Tlx3 cDNA as 
the probe, no signal was observed on the otic vesicles. At 10.5 dpc, one pair of thin 
strand of Tlx3 expression was observed at the lateral area of the neural tube and the 
other one thin strain was at the dorsal of the neural tube. These expressions 
suggested that Tlx3 might be involved in the regulation of neural tube development 
and together with the expression on the ganglia, Tlx3 might be involved in the 
regulation ofthe nervous system. In our results, in contrast with Tlxl, Tlx3 was not 
expressed in branchial arches and motor nuclei at 9.5 dpc. Also, in contrast with 
77x2, the Tlx3 expression was not found at dorsal root ganglia. Therefore, Tlx3 in 
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these studies had been proven to have no cross hybridization with the Tlxl and Tlx2 
mRNA of the same family. 
3.3.2 Whole mount in situ hybridization of mouse embryo using the 
transcribed riboprobes of Tbc3 cDNA. 
Result 
Whole mount in situ hybridization in mouse embryos from 9.5 dpc to 12.5 dpc 
The transcribed riboprobes of Tlx3 cDNA was used to detect the expression pattem 
in mouse embryos. The expression pattem was found to be nearly the same as using 
the transcribed riboprobes of Tlx3 genomic clone at 9.5 and 10.5 dpc. 
9.5dpc 
Tlx3 expression was showed in the trigeminal ganglia complex located ventral to the 
hindbrain (Fig.29 and 30). Tlx3 expression was also displayed in the facioacoustic 
ganglia complex (Fig.29 and 30) and this complex appeared to be one population. 
The expression was also demonstrated at the glossopharyngeal ganglia complex and 
the vagus ganglia complex (Fig.29 and 30). Taken together, the expression pattem 
corresponded well with the report by Roberts et al.(1995). 
10.5dpc 
As the embryo increased in size, Tlx3 transcripts were showed at the mid/hindbrain 
junction ofthe embryo. A trail of Tlx3 transcripts appeared to be streaming from the 
junction of mid/hindbrain, then from rl towards to the trigeminal ganglia. This 
expression also seemed to be from midyliindbrain junction, then paralleled to the rl 
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and r2 segmental pattem and was then extended to trigeminal ganglia (Fig.31 and 
32). At the dorsal region of the embryo, the Tlx3 expression at mid^indbrain 
junction continued along the rhombomeres down to the end of neural tube (Fig.31 
and 32). Tlx3 expression was showed on the trigeminal ganglia at this stage (Fig.31 
and 32). The facioacoustic ganglia complex obviously showed Tlx3 expression on 
two separate populations (Fig.31 and 32). The size of the glossopharyngeal ganglia 
was increasing as the embryo grew from 9.5 to 10.5 dpc. The vagus ganglia showed 
Tlx3 expression at the dorsal to 4/6 branchial arches. The dorsal root ganglia had 
Tlx3 expression more up-regulated on the anterior than posterior region of the 
embryos. The lateral view of the embryo showed two blue strands of Tlx3 expression 
on the dorsal of embryo trunk (Fig.33). One thin strand located at dorsal of the 
neural tube from the rhombomeres to the posterior region of the neural tube. The 
other strand appeared to be located at the lateral of neural tube. 
The Tlx3 expression pattern at 11.5 dpc 
When the embryo was at 11.5 dpc, The 77x5 expression on the dorsal root ganglia 
had mild change in contrast with the embryo at 10.5 dpc. Tlx3 was up-regulated on 
the posterior part and down-regulated at the anterior part of the dorsal root ganglia 
(Fig.34 and 35). At this stage, the embryo trunk was found to be slightly splited at 
the dorsal of the spinal cord and this was possibly due to over-treatment with 
proteinase K. 
The Tlx3 expression pattern at 12.5 dpc 
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When the embryo was at 12.5 dpc, the dorsal root ganglia still showed the strong 
Tlx3 signal on the caudal part of embryo as compared with anterior region of the 
tnmk (Fig.35 and 36). The dorsal of the neural tube was also found to have Tlx3 
expression and the embryo was slightly splited at this region which was possibly due 
to over-treatment with proteinase K. The comparison of the embryos at the dorsal of 
the neural tube at 11.5 dpc and 12.5 dpc, the Tlx3 expression was shown more 
prominent at 12.5 dpc than 11.5 dpc (Fig.35). The head of embryo at 12.5 dpc 
showed Tlx3 expression obviously on the metencephalon (future pons/cerebellar 
junction) and myelencephalon (medullar oblongata), and between them is the fourth 
ventricle (Fig.37). The expression was also found in facial ganglia, vestibulocohlear 
(VIII) ganglia, trigeminal ganglia and vagus ganglia (Fig.38). 
After the whole mount in situ hybridization was done, some of the embryos at 10.5 
dpc were cut to sections (Section 2.9). These sections were stained with eosin and 
the Tlx3 expression was found on glossopharyngeal ganglia and vagus ganglia and 




Fig.29 The lateral view of 9.5 dpc embryo (21 somites) showing 
Tlx3 expression. The figure illustrated Tlx3 expression after 
staining the embryo with the NBT/BCIP-stable mix and without 
stopping the colour reaction and clearing the embryo. 
Tlx3 expression on facioacoustic ganglia (white arrowhead), 
glossopharyngeal ganglia (half arrow), trigeminal ganglia (arrow) 
and vagus ganglia (arrowhead) was showed on the picture. 
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Fig.30 a. The lateral view of an embryo showing the Tlx3 
expression at 9.5 dpc (21 somites). Tlx3 expression was 
illustrated on facioacoustic ganglia (white arrowhead), 
glossopharyngeal ganglia (half arrow), trigeminal ganglia 
(arrow) and vagus ganglia (arrowhead). 
b. The lateral view of control embryo showing no 
hybridization with Tlx3 sense probe at 9.5 dpc (21 somites). 
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Fig.31 The lateral view of an 10.5 dpc embryo (36 somites) 
showing the Tlx3 expression. The figure illustrated the 
embryo with Tlx3 expression after staining the embryo with 
the NBT7BCIP-stable mix and without stopping the colour 
reaction and clearing the embryo. 
Tlx3 expression on the midMnd brain junction (arrow), 
facioacoustic ganglia (half arrow), glossopharyngeal ganglia 
(small arrow), trigeminal ganglia (white arrowhead), vagus 
ganglia (small white arrow) and dorsal root ganglia (arrow 
head) was illustrated. Two blue strands of Tlx3 expression 
were shown on the dorsal of embryo trunk (white arrow). 
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Fig.32 a. The lateral view of embryo showing the Tlx3 
expression at 10.5 dpc (36 somites). Tlx3 expression was 
illustrated on midMnd brain junction (white arrow), 
facioacoustic ganglia (arrow), glossopharyngeal ganglia (half 
arrow), trigeminal ganglia (small white arrowhead), vagus 
ganglia (arrowhead) and dorsal root ganglia (big white arrow). 
Two blue strands of Tlx3 expression were shown on the dorsal 
ofembryo trunk (small white arrow). 
b. The lateral view of 36 somites of control embryo 
showing no hybridization with Tlx3 sense probe at 10.5 dpc. 
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Fig.33 The dorsal view of a mice embryo showing the Tlx3 
expression at 10.5 dpc (36 somites). This expression pattem 
was found on midMnd brain junction and was then extended 
from the rhombomere down to the caudal of neural tube. 
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Fig.34 a.) The dorsal view of mouse embryos showing 
the Tlx3 expression. The embryos at 11.5 dpc (48 
somites) were showed Tlx3 expression up-regulated on 
the posterior region and down-regulated on the anterior 
region (a) of the dorsal root ganglia (arrow). The spinal 
cord (arrowhead) also showed light Tlx3 expression. 
b.) The control embryo showing no 
hybridization with Tlx3 sense probe at 11.5 dpc (48 
somites). 
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Fig.35 The dorsal view of mouse embryos showing the 77x5 
expression. Tlx3 expression was shown the embryo at 12.5 
dpc (right) and the embryo at 11.5 dpc (left). Tlx3 expression 
was up-regulated on the posterior region (p) and down-
regulated on the anterior region (a) of the dorsal root ganglia 
(arrow). The spinal cord (arrowhead) also showed more 
stronger Tlx3 expression at 12.5 dpc as compared with 11.5 
dpc. 
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Fig.36 a. The dorsal view of a mouse embryo trunk 
showing Tlx3 expression. The embryo at 12.5 dpc showed 
that Tlx3 expression was up-regulated on posterior region 
and down-regulated on the anterior region (a) of the dorsal 
root ganglia (arrow). The spinal cord (arrowhead) also 
showed Tlx3 expression. 
b. The control embryo showing no hybridization 
with Tlx3 sense probe at 12.5 dpc. 
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Fig.37 The dorsal anterior view of a embryo's head 
showing the Tlx3 expression at 12.5 dpc. Tlx3 
expression was shown on the metencephalon (future 
pons/cerebellar junction) (arrowhead) and the 
myelencephalon (medullar oblongata) (long arrow), and 
between them is the fourth ventricle. 
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Fig.38 a. The lateral view of embryo's head showing the 77x5 
expression at 12.5 dpc. Tlx3 expression was illustrated on the 
metencephalon (arrow), facial ganglia (small white arrow), 
vestibulocohlear C^III) ganglia (half arrow), trigeminal 
ganglia (small arrow) and vagus ganglia (arrowhead). 
b. The lateral view of embryo's head showing no 
hybridization with Tlx3 sense probe at 12.5 dpc. 
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Fig.39 Tlx3 expression was showed on the section of the 
embryo after whole mount in situ hybridization at 10.5 dpc 
(36 somites). Tlx3 expression was illustrated on 
glossopharyngeal ganglia (half arrow), vagus ganglia 
(arrowhead) and dorsal root (arrow). 
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Discussion 
In our studies, embryos at 9.5 dpc were found to have Tlx3 expression on the 
trigeminal, facioacoustic, glossopharyngeal and vagus ganglia. This result is similar 
to that shown by Roberts who only reported on 9.5 dpc embryos (1995). In addition, 
we have shown that Tlx3 were also observed after 9.5 dpc but not detectable at 8.5 
dpc. At 10.5 dpc, besides the ganglia mentioned at 9.5 dpc, Tlx3 expression was also 
observed at dorsal root ganglia. The additional Tlx3 expression was showed at the 
mid/hindbrain junction, hindbrain and the lateral and dorsal surface of neural tube 
neural tube indicating Tlx3 might be involved in the regulation of the central nervous 
system. A trail of Tlx3 transcripts appeared to be streaming at around the junction of 
mid/hindbrain, rl and r2 to trigemnal ganglia. This speckle was possibly the neural 
crest cells, indicating that Tlx3 might be involved in neural crest cell migration. 
However, this area also contains trigeminal nerve fibres. We would need further 
evidence such as hybridization profiles at transverse sections to verify the involving 
of Tlx3 in this location. Since the expression was shown in dorsal root ganglia and 
cranial ganglia, Tlx3 was involved in the regulation of peripherial nervous system. 
The embryos at 10.5 dpc showed that Tlx3 expression was up-regulated on the 
anterior region and down-regulated on the posterior region of the dorsal root ganglia. 
This pattem was reversed at 11.5 dpc and 12.5 dpc. The dorsal region of the spinal 
cord has more prominent Tlx3 expression at 12.5 dpc when compared to the 
expression at early stages. This expression was expressed on the metencephalon, 
myelencephalon, facial ganglia, vestibulocohiear CV^ III) ganglia, trigeminal ganglia 
and vagus ganglia. In addition, Tlx3 continued to expand on the mantle layer of 
spinal cord at 13.5 dpc and on the cortex at 14.5 dpc. The TIx3 expression was more 
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prominent on the central nervous system as the embryos were growing. As the result, 
Tlx3 expressions were found in ganglia, mantle layer of spinal cord and cortex of the 
forebrain. All these areas contain a large numbers of cell bodies of neurons. 
Therefore, this gene was very important to the development of nerve tissues. 
Tlx3 study using antisense riboprobes was found to have non-specific binding on the 
embryos. The sense riboprobes have shown less background. This demonstrated that 
the Tlx3 antisense probe might be rather sticky. 
Using genomic generated Tlx3 riboprobes, blurred expression was found in the 
trigeminal ganglia at 9.5 dpc and at the mid/hindbrain junction down to trigeminal 
ganglia at 10.5 dpc. This blurred expression using genomic clone was in contrast 
with the discrete expression using cDNA clone on mouse embryos. 
The Hox genes have been strongly indicated in the neural development of the mouse. 
The Hox genes in clusters were suggested to be restricted in the anterior-posterior 
axis beginning at the hindbrain in murine (Kenyon, 1994 and Krumlauf, 1994). 
Other non-Hox homeobox genes such as Otx, Dlx, En, Dbx are expressed in the 
brain and may function to determine pattem formation in neuromeric segmentation 
of the brain. Some homeobox genes such as Pax and Evxl are expressed in the 
dorsal-ventral axis of the CNS in murine. Tlxl was reported to be expressed and 
possibly involved in the regulation of widespread areas including the migration of 
neural crest cells, the tissue derived from neural crest cells, and the central nervous 
system (Raju et al, 1993). Tlx2 is more restricted to tissue derived from neural crest 
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cells (Hatano et al，1997a ). In this study, we have shown that Tlx3 is restricted not 
only in tissue derived neural crest cells, it is also expressed in the peripheral and 
central nervous system. Our results, together with previous reports, have shown that 
the Hox and Tlx gene families are important regulatroy genes of neural development 
of the mouse� 
3.3.3 The expression pattern of sonic hedgehog on embryos at 8.5 to 9.5 dpc 
Result 
The Sonic Hedgehog {SHH) was detected in the neural tube at 8.5 dpc mouse 
embryo and the expression was initiated at the ventral midline, the floor plate, of the 
midbrain. Then this expression extended rostrally into the forebrain and caudally 
into hindbrain and rostral spinal cord (Fig.40). When the embryo at the stage of 9.5 
dpc, SHH expression was obviously shown in the neural tube. The forebrain was 
starting to develop at this stage. The expression appeared rostral limit of the ventral 
diencephalon to the presumptive spinal cord region and the forebrain expression 
extended rostrally to optic stalks (Fig.41). At 10.5 dpc, the expression showed in the 
ventral part of neural tube comprised of the floor plate and notochord with the 
exception in the rostral half of the diencephalon where the SHH was expressed in 
two ventralateral strips with no expression at the floor plate (Fig.42). In addition, the 
expression was also found in the hindgut (Fig.42). This riboprobes have worked very 
well on whole mount in situ hybridization. 
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Fig.40 The dorsal view of mouse embryo at 8.5 dpc (10 somites). SHH 
expression was restricted in the ventral midline.The expression 
extended rostrally into forebrain and caudally into hindbrain and rostral 
spinal cord. A indicates for anterior and p indicates for posterior. 
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Fig.41 The laterel view of mouse embryo at 9.5 dpc (21 somites). 
SHH was expressed in the presumptive neural tube (arrow) and its 
expression on the forebrain extended rostrally to optic stalks (white 
arrrow). 
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Fig.42 The lateral view of mouse embryo at 10.5 dpc (36 somites). The 
expression showed in the ventral part of the neural tube (arrowhead) 
comprised of the floor plate and notochord with the exception in the 
rostral half of the diencephalon where the SHH was expressed in two 
ventralateral strips (white arrow). In addition, the expression was also 
found in the hindgut (arrow). 
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Discussion 
The sonic hedgehog is one of the mouse genes related to segment polarity. This 
cDNA was transcribed into DIG riboprobes and was used as a control to optimize 
the condition for doing the whole mount in situ hybridization. The signal on the 
mouse embryo was observed in the midline mesoderm of the head process and 
notochord, then it extended into the overlying ventral midline of the CNS, the floor 
plate (Echelard et al., 1993, Marti et al., 1995). The pattem oiSHH expression in 
this experiment was similar to that published by Echelard et al., (1993). Some of 
embryos in our result had non-specific binding in the embryos' otic vesicle (data not 
shown). Non-specific binding on the otic vesicle was also found in the whole mount 
in situ hybridization by others (Dear et al., 1995). After the condition was optimized, 
the same condition was also applied for embryos using Tlx3 probes in whole mount 
in situ hybridization. 
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Conclusion 
In this study, we used different approach to obtain suitable probes for the detection 
of Tlx3 expression during mouse embryonic development from 8.5 to 14.5 dpc. The 
cDNA probe was finally shown to be more effective for use in the in situ 
hybridization of these embryos when compared to the genomic probe. Using whole 
mount in situ hybridization, we have shown that while Tlx3 expression was 
undetectable at 8.5 dpc, it was demonstrated in the trigeminal, facioacoustic, 
glossopharyngeal and vagus ganglia at 9.5 dpc and persisted to 12.5 dpc. In addition, 
Tlx3 expression was shown in the dorsal root ganglia started at 10.5 dpc and the 
expression continued to 12.5 dpc. At 10.5 dpc, Tlx3 expression was also detected at 
the mid/hindbrain junction, hindbrain and neural tube region. These results were 
confirmed by in situ hybridization of frozen sections, showing strong expression of 
Tlx3 at the dorsal root ganglia at 12.5 dpc. Further section hybridization showed that 
the mantle layer of the spinal cord and dorsal root ganglia at 13.5 and 14.5 dpc as 
well as the neopallial cortex at 14.5 dpc, also expressed Tlx3. Our results are in 
good agreement with those reported on mouse embryos of 9.5 dpc. To our 
knowledge, this is the first description of the spatial expression pattem of Tlx3 in 
10.5 to 14.5 dpc embryos. The expression at around the midMndbrain junction, rl 
and r2 sites to trigeminal at 10.5 dpc led us to propose that Tlx3 is strongly 
associated with neural crest cells and their migration. The overall pattem of 
expression suggests that Tlx3 plays an important role in the development of the 




Other stages of development and protein expression 
To obtain a better and complete description of Tlx3 expression, the investigation 
should be continued to the adult mice and their organs. To confirm the expression, 
antibody detection on Tlx3 protein can be used for further investigation. The Tlx3 
cDNA can be cloned into an expression vector. This will be transform into bacteria 
to produce fusion proteins which can be use to produce polyclonal antibodies. 
Gene knock-out 
For functional study, the null mutation of Tlx3 using gene targeting method can be 
performed by homologous recombination. This could also detect if the gene function 
is replaced by other gene of the same family. Finally, the wild type and the null 
mutation of mice will be used to compare their phenotypic change. 
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Appendix 1 
Tlxl sense primer 118 5，CTCCAGGATGGAGACTAT 3, 136 
Tlx2 sense primer 16 5, TTGGCTGCGCACCACCTT 3, 34 
Tlx3 sense primer 169 5 ‘ TCTCTGCCCGCCTCCTTT 3, 187 
Tlxl antisense primer 658 5'AAGGA(G/C/T)GTGCGCGGCTTC 3， 675 
Tlx2 antisense primer 475 5 'AAGGA(G/C/T)GTGCGCGGCTTC 3 ’ 492 
Tlx3 antisense primer 499 5'AAGGA(G/C/T)GTGCGCGGCTTC 3 ’ 516 
All the sense primers are not in conserved regions, but antisense primers are in 
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